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Preface 



A wor'd of explanation is in order for the reader' about 
to embark upon pursuing the contents herein. The r'eader 
will discover a loose collection of essays dealinp with what 
IS commonly called "'Administrative Data Pi'Oces s i ng , " The 
collection has resulted from the oft expr-essed desire to 
bi'ing together the rrianagement of the College or University 
to discuss the ways, means and idosy ncracies of comptjtcr- 
aided institutional management. 

When the oppor-tu n ity pr'esen ted itself to conduct a 
ser'tes of pr-ofess iona I development seminars dealing with the 
computer and administration in higher education, we drew 
upon a stock of previous articles and position papers to 
construct the nucleus of this pr-esent work. We both are 
products of the computer revolution. We have studied, 
taught and managed educational computing foi' the entirety 
of our p r'of essionai ca rters . Our viewpoints have been 
shaped not only by our management experiences (pr'imarilv 
in larger i n stitu t iorn a I settings) but also by our classroom 
challenges. 

We have not attempted to produce a "how to" manual, 
but rather' to cast a host of technological questions m a 
management perspective . Neither of us feels there is a 
"ri^ht way" to conduct administrative data processing, only 
tl there is "a wa y " that best compliments and enhances 
the distinctive management style of a given institution at a 
particular time in its development. Because institutional 
ad ministration is dynamic, it is useful, perhaps necessary, 
to be aware of the range of hardware, development, organi- 
zation, etc. options for administrative computing. 
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COMPUTING PERSPECTI V[£3 



"Give me a le ^er long enough . . . 
and I can move the wci'ld singlehanded . " 



Archimedes 



Archimedes Lever 

Thor^o now f^xi?;ts a whole genofation of adults who 
\^,^\■e hvod trioit' hves with computer- technology. It is 
sornotimos difficult to vievv corTiputing in its pr-opor perspec- 
tive, at tlie Stirne time taking into account its old recorded 
history and today's new lieadtines. Society is just fiow 
beqmninq to cotno to grips with the impact of tiie digital 
crjiT-ir^utor on our life styles. As with any new technology it 
has come from tlie phase of derided laboratory apparatus, 
thr^ough oversold savior of mankind to potential oppressor 
of human dignity. Like most new technologies it is viewed 
somewhat ambivalently, indicating we still have far to go 
before its total acceptance. 

Within the sho'-t span of 25 years, the digital computer 
has gone th rough four technological generations - from 
large, expensive, hot, vacuum tube devices to portable, 
inexpensive (less than the cost of a standard automobile), 
virtual devices capable of being addressed in near natural 
language. Ambivalence toward computers is recognized 
when we reflect thtit without them we would not have put a 
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2 COMf>UT INO |»f KSfM Cn Vf- S 



man en tin. fpjon, w(.' cuuki not opOfNUo our- cucront 
^i"'i'it-i<ii Ml'; lit ut ions, no,M" i n ? t d n t .in or>u s airline rose r^v at ions 
^S''ul<! !)P iiM;.ns^-;i[.>|p .ind niany of our nower structures could 
^1^'^ -'^^ Iniiit 'M- (^[KMMtr'rj. At tl',0 sanio tune iUey liave 
t us s.MMiii n(;i^^ t rvt-rcau: il.iMo hilling foiil - ups , sys - 
^•''■1'^ v.fiir.h d" .M.>t w>u-k v.lirMt [-....wor fails and potential 

for pf-!v<:(,y in\ ,isi<a) ..ii a fK-r^^toforf^ undi-earned of snie. 
riu' pnsittvos can a 1 1 r i ! > u t erl to technology, the negatives 
nian s al.^ility In underst.ind and control thai technology. 
*'^''"y '^^ 'J*''" i ''TCtM \t^<:i pr-oLilfMus with computer's probably 
'-h'ln rroin our jltpfiifU to ust^ the new lecluiolf^gy in old 
V. a\s, ntuch as v,>^ mst.ilied bugtjy whips on a u t orno!-:>i les at 
t ;• 1 1 J r-n < i\ ( ■ ■ 1 1 1 u r >y . 

I ho [)'.ttMitMl of the coin;juter has been well expressed 
I'l t'M-iir. ct miiltipher's by W . J. McKoefery.^ 

f "'^ ctMitiiries, man worked to make nuiltiplier-s 
<^ his own St ren.;jth .uid skill [-^.y factof^s of 
*hi.-o. live (jr ten. T lio fioe, th'-^ wheel, the bow and 
'Ml ' .w ifprrspn ted rnofiesi gai ris . Thofi , with the 
industt-Ml r('\oliition, the multiplier's became a hun- 
dr(>d to ,i thousand ■ t Ad . Gunpowder, steam powet\ 
fossil fuels pushed the horsepr_)wer- pet- person i nto 
^he-, r-rui-if and stret(dief:l his travr' cornpr-ehension in 
.ip;.> ro, \ itiiMtr-l V these moasures. kven today, jet 
t rafi sport at i. iU <iof'S not impr'ovo walking by mot-e than 
a thi Mj'wUid . 

{■"'Vfifl 'iil this, thci-e comes nlofig occasionally a 
multiplipr in the rangt^ of a million to one. These 
\\<:\c betMi f-fM-.ent and slilt rr-kitively rare. The fir-st 
fTti 1 1 1 1 p! ior (.rime earlier in this century by con t rol h ng 
•'h'ct rif 1 1 y . first in wires, .ind then by wireless, the 
sjU'Cfl .)f tr,fris[mssi"n c;ainr>d is in the ordfM* of ,i mil - 
hoii to . icp . L - it t^f\ t h roijg h the mii 1 1 if)l ler of niass 
production ni r-uho .ukJ tplp\'tsion sets, tlu^se swift 
mo\ing messa<;f^s wer'e plac(v:! in millions of homes 
s mi 11 1 1 H n ei.H,) s 1 \ . 

AuP'ther major miiltiplnu- m the million categor-y is 
nu(de<ir encr-f;y, whicdi liegan with sliatter^ing exf^lo- 
sir.ns in the ^.onn of bombs, but now, hopefully, will 
b(^ dc\'elof)ed as contf-olled fusion for- the major 



* \V,J. Mc.Kpr^ery, "Whei-e are We? A Top Management 
f-'er sf->{'ct I ve , " in Or(jarii/ing for innovation: Toward.! the 
Computer Utility, ed . \< . C, Hetor-ick (Blacksburg: Virginia 
lech Computing enter-, I9V3J. 



COMPLYING PERSPECTIVES 3 



nnof-gy sourco of tho world's population. rorJ.iy, 
rit J cUvi i- on fM'9V' ' pown r p I not s and rTia fine pf-opu I s ion 
h<-is rt^ar,|){»'.! [he t liot j sa nd - tol d Critecjory. U'ltlT fusion 
it will i-(><'ich .1 fTiillioti fold anvJ ^r.'KJudlly change our 
\v<iy of lifn. 

StiM dru»th*M- import.int niultiplhM- is tho conipi; >i . 
It , too , h.js r-fMcluH-l t hn rin 1 1 lori fold category . Its 
rj>fnbi n diion of s ppod of c.'^fcu lat ion \n none- socondo 
a n r j its storage capacity m . d; c its superiority over- ma n 
in the rriilhon f(^ld catogcjf'v . We h.ivCMi't exploited 
this I t.^v e iMgo fully yc^t , but wi t[i rnt n ia tii r i ?at ioti , 
; V , r ) 1 1 1 1 V <)nd the dt a elripnuMi t of syail.jolic languages 
.d Tic; wit h net wi)r I-. s , t h-^se combined resources wil ! 
prociuce ,i<i.un one of the vast changes rn mankinds 
we.v of tloing business. 

V\'h*ni \vt> c:'.)n siller the potential of tlie computer in 
commu fM cit r~)n networl-. s we begin to achieve a million rnulti- 
jdif.it h )f, ,.f a fTvllirai mulLiplier. 7dio T'otential of surf-, an 
frp. I r-; Mir-j'-n I wdt \)\-<.<[ >.\b\y tai-e a gerieralion to nwike Us true 
jrM:>,u:l t-!; V'dirai w'' i^nr^o to corisider* that comrnerci<d 

r.fi r^p ff^'^-'nt .ady two order., of magnitude ifTiprOv'e- 
rti/Mtt r.\.'>r w^ikior;, and r-efh-c' on 'li'- t rfnr.on diuj s impact it 
h.i-. f, id on >\\r lite *vh'^ i'l^^ c« >m;.) r-.'di en s lori of the world 
w.^ \\\>' wi, we f.aririo* hf-!,) S.nit be awed in trying to lom- 
pr-oiv'MiiJ ti^'- iriip^ict '-a the co':;piJter. In just the last 20 
V-.-ar-s thto cr.rnputr-r- [i,. d eiro n s 1 ra t or j foLir to six (jrders of 
rn<<;n:liJ in i ' n ; o'' . v 'm, ■ n t ir, f O'lt p u t a t lO n a I Sf."^'^r], printing 
>. - ,.--.-'t : i;,'; ^ J n : i t ; i r- ■> Mie C'^ ^st to proCt-ss <md 

I r.i ri tai t i n t rrn.; 1 1* a"i , 



A Hrnef Loo^ Backward 

n ha be. -Ml com; a 1 1 1 :i g for tlv-> t hoi j StUids of ye,i r's of 
ro':.)rderi liistcir^V. He slarted it all by learning to count. 
F^egtnning with his fingers and toes as counters, he proba- 
bly noxt usod f narks, pebddes afid progressed to beads. As 
li I s needs became mor-e complex he developed symbol ic riota - 
tion for- ref^r-n^enting tlie things he had counted. Much 
later^ . Ue developed mathematical systems for- rTian i pulating 
his symbols. With one notable exr.cption, the aoacus (a 
courding fr-«ame ciev eloped about 3()()() B.C.), man made very 
little progr-ess towar-d the developiTien t of mechanical count- 
er-s until ai)Out 1G4(), wlien Pascal developed a gear--driven 
calculator. It was not .>nt'' 1920 thr.t the desk calculator 
was given an elect r'ic dr-iv ^ 
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\ \'j u ro 3 
Si/e effect of 
technology on 
stofTige space 
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Increases in 
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^ ■■■'■'■\\ 1 ' , J,:i,> ;:]Mr<.l <.lf-\ •[ >K:d mIi ",IIJ )[-l.ltlc" 

' ' ' - I ' ' ; • >. 1 1>\ ; u 1 f 1 [i«^(J ciHf-c.js. riio JacqLirifd loom was 
f ■ S'T ■>i in.ji i(' rn I - i Ij lj Li t i n r; pq ij ipnuMit pioneered 

i ■II--fitn .-t tin- 1^ S. T'-ncus Rur^au, In ISoO, 
'ifi:/iM<; t!i,if it V.I 'I J Id 1,1 1. tfMi voars {o process Uie 

•'nif'tl I M!s d<it.i. '1 ■il.-ritli !)*'r-;,ni wijrl^ifnj on tlv.^ idea 
•■i'-'-'r- (i.iiiii ,il - 'jfitei\-;. Iho stanodrd tcibulating 
' '^'"f-' :m',1 (Hit {(h' f^.ui't'-.ju of Engraving from 

II f] 1-1 i-f .Drtinq tht- f,ld greenback dollar, hence 

n M ' J I i,i I SI / 1"' . I li t' ■'■ifC t r..^ iiiec lian i ca I devices, sort - 
li'it'.-'rs, t i: )i J 1 ,1 1 i - r'-, . r.ird u n c es , etc. were dovel- 
i fn,u-i^> *. .'i ! !,\ ill.- V ,iirf")oi-at ion and cornpr-ised 

•■ t-:-;r ■ •} !- 1 1 '■. .i i ; t ■ .ii ; ■ i h ■ . n through the first half 



I f-M' i tht' - irlv ii.ilf of the 191 li centur-y , Charles 
f '"I • [-I fd .'ti th.- nw'M-wnner of our modern electronic 
'li t t \\\\\] Mii'port r r-fTi the British government and 
hit''r t {■•r!\ f-\r'Mi tJ.i lighter, Lady Lovelace, he devel- 

"i"'-d t/. - I uitiiitt-rs . the iJifferonce engine and the analytic 
■ .«i ', -vi'-r ■ ;: ] ; m 1 1 » ■ r v, 'iri-'Mi. ^.)rim,irily because 

'h- r,r, .p I: :,*;.,,■■■. 1 ■ " : . 1 1 , 1 1 ! [ n"- fi.irls CjhIc} fiot Ij e tnariu- 

t.ii tL;r».''.i pr^-'M---'!\ "ihaj':; I he anal\ tical engine was built 
t" f'..ibb.(';t' s ';pt^[- 1 1 if:,it n >i . ..\;M' lOO years hiter and worked 
<i. h- l^! ! it w..-ii!d . 



•V" pr'':jh'm-, becitn..^ itum-o nurne-ous and nior-e cofriplex, 
V.^ri*! ,'. .M- II pr '.v. I o'er] a dr-finite nripotus, man afjplied mor^e 
'1 nd tir ■ re r-f I ..a^l L a r-d the develop^iTien t of machine and 
'•I'"', t nca I ,ind r.| .-^r t r^^ru c fle^ vices wliicf^ would assist him in 
f^s pr^'bl^m S'-'ivirig pftor-ts. Those devices whicli calculate 
b'y cwiiritmg nre calleri (.iigital devices. 

Man \(},t I .i[i'"jth(M- W'riy to compMjte, also. He discov- 
-'M'ec! tfiat hf^ t.*.nj|d soi\'e some of his pr*oblerns by measur'- 
'fig. Hts first •'■ff'..rts at such computati(:)n were probably 
^h t-r-c t , I.e., t iv- p rot.de-tTi was sol ved by actual meas u rem en t 
"f t f)c ( ; iia ri 1 1 ty b^M ng s t ij fhed . Later he lea r-r^ed to rep re - 
sf'fi t a g t vr-n sy s tem by ,\ not he r wiiich wa s similar^ (or a nal - 
' 'gous J in oTir^ or" rnor'e i-es peels to the original (or 
pi'ototype) system. These devices he called analogs. Ana- 
log devices include the slide rule, scale models, computing 
pump^ and calculating scales. Some of these devices are 
riiroct analoqs ir^ tlwit r^iiantities being measur-ed are of the 
same tyfje or have the same tinits as quantities in the sys- 
tem beirig stutJied, Some ar-e tndir-oct analogs with rnea- 
sijred qu. Hi titles differing gr-eatly fr'om the desired 
quantities. 
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A fL'U [ nJ 1 G()() , G <il I leo l\o\ oU:if>'.'vJ <x set of scnlos (.in 
.tii.ilor; c jo Vice) for- aiming nrttller-y pieces. The sc^des 
Sf'r-V(MJ to soKo the second oi^.lor* eqijntion of the mot ion of 
,) ;j f( >) ecti le . A[>'.'iit the s.ifrie lime, Napier- developed logru'- 
ilhins. Scales r-ufed acci.irdtiKj to tfie loc)a fitlims of number's 
v.f-\'Q sonri usr-d Hs .'inalng computei's cjnci the slide i^ule 
').tine(j the p r'"'nii n ence it was to \^u\c\ until the 19G()s- The 
c.'^-rA of a ha ruj - h t^ld elect con ic cfdcu lator- had d r'opped to 
u n Lier~ 5> 1 0 by 19 73. T liesG ca I c Li la tors wG r^e capable of 
1 1 r- a r I V all the < p o r' a 1 1 o fi s of a c o n \' e n 1 1 o n a I slide mile at 
' >Me • til 1 rT.l t lie pi'ice, T fie last major- s uppher^ of slide rnj les 
('•'a sod f; f'ducth.in of tlirjt por'tion of their* p r'oduct line in 
I /() . 

I ri 18/G, Lor'd Kelvin and his br-other, James T li amp- 
s' -n, cievolopecJ an analog computer- for- predicting tides. 
1 fie tid-il analyser- roquir-ed meciianical apparatus to compute 
ar-'MS (tiio pr"ocess of i n teg r-at i on ) and was further r-efined 
t" solve or'dinai-y differential equat'ons. Later versions of 
the .ui-ilv/er vvei^e capable of iiarmonic analysis. 

Id I'J'M'-), th(} brilliant Enqhsh matliematician , A.M. 
Turing, p>f-esented a landmark p>aper in which he described 
cj machine which could simulate any other' automaton. The 
Tur'ing machine consisted only of the concept of an infi- 
ll 1 1'-^ I y long tapje, tli ree symbols and a place ma rker . hie 
(JoiTion st r-a ted tliat tfi i s macii i ne co u Id simulate the beliavior- 
of any otliet" machine, no matter how lar'ge its symbol or 
m s I r ■ u c 1 1 o n r" e p e r" t o i r-e . With t ti i s paper \v a s born the field 
of ar-tificial intelligerTce and tlie concept of '"thinking 
machines. 

One otlier development of the mid-19^U)s svas particu- 
lardy significant m the evolution of computers. The late 
D r- , John von Neumann, a mathematician who served botfi 
the Atomic Energy Commission and the Army Ordinance 
Department as a consultant, was aware of the A EC s compu- 
tational needs and tlie Army's interest in the ENIAC. He 
proposed the idea of a digital computer which could store 
both I nstr-uctions and data internally in numeric form and 
perform numerical operations upon both types of stored 
information. Modification of instructions, he reasoned, 
would make it possible to achieve conditional solutions; i.e., 
solutions m which the path through the predefined instruc- 
tion set could be dependent upon some previously computed 
result. Dr. von Neumanns idea sparked several new 
computer designs and the first computer utilizing this 
internal storage of both data and instructions became oper- 
ational in 1949. The macfiine which von Neumann proposed 
was not completed until 1952, however. Today all general 
purpose digital computers have tfiis capability. 
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riu» ter-in "cyber-notics" svns coined by the CfTiinCnt 
niatluMnaticicUi \'.M-Lioi-t Wioner- from tlie Greek worxl for- 
s l.HM-sriirUi . \\"iimt [.ut for til tfio hold p r-(,-)pos i tion ^ 

...th.it b ( j ': t y can only b f ^ 1 1 n ci o r s t o o d 1 1 1 r-o u g f i a 
study of the fne^Lsagi cuid the conimun teat ions faciU- 
tif^s wliicli t>n|onrj to it; and that in the future devel- 
op niont of t h e s n messages arid communication f a c i 1 1 i. i e s , 
messages between man and machiiies, between 
machines and man , nnd between nMchine and macliine, 
ar-e destinecJ to play an e r - 1 n c rea s i ng part. 

I hr lir-n,u.j arr^a c>f ma n - mac ii i ne toed bach mechanisms is 
subr^umed in r ^ bcf-ru^t i c s , as well as tfie more scientific dis- 
ci phries of control and communications theory. Wetnet^'s 
r>ror'hf:cv was i^ecogni^ed in less than one generation from 
th- tiiiK^ he niri(Je it. We think notliirig of computers as a 
constituent [^ai't of tlie family automobile, r-egulating fuel 
cons umptifMi , oxrui.;-t emission, etc. Few, if any, majoi' 
systems are riosigiied winch do not featur'e some aspect of 
tilt' fii-ifi mac 11 me f i ' i >( 1 [ ; a ( . l; rnec f i ,j ni sr7i . 



Analog Apphcations 

T he gener-al pu t-pose analog computer industry fias 
grown tMpidly but not near^ly so t-apidly as the digital 
industi-y. Tfier^e are several reasons for the different 
growth rates. For- one, the results obtained with the ana- 
log computei- are not as precise as those from tlie digital. 
This IS not a matter' of concern to engineers or scientists 
because, generally speaking, the data in problems in their 
aj-eas ar-e not exact . Second , even if the results of analog 
computation wer'e accurate enougfi for business operations 
(bookkeeping, inventor^y control, etc), the analog computer 
does not have tf^e data handling facilities for performing 
counting type operations. Third, the use of the analog 
computer t-equires a f-iigher level of mathematical sophisl'ca- 
tion and competence jt the introductory level than does tlie 
digital computer. 

The analog compu ter is an extremely valuable tool for 
solving certain types of problems, particularly those which 
ar^e p(?cultar- to engineei-ing. With it, systems which might 
cost ic'rge sums of money to build and test can be simulated 
at relaLively low cost. Systems which might endanger life 



^ Norbert Weiner, The Human Use of Human Beings, 
(New York: Avon Books, 1950), p. 25. 
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"r ciu'w ' i>'stfiH,tic.fi >A ;)r(;M'ftv if ,i h'sl [)r'.)\fMj ,i d(>:i<j[i 
*" ! t ,ju i t\ I ■ ■ 'fi ;h ( !<M- , for- e \ ,irnr^ fp, the (:onsn<-]i jct-ir.p of 
f.iiliirr' (pj ,\n (^\\u'r\[]\i^n[,-\\ infclo^H- r>Mf;tnr) ciw] be s itnuici tod 
"'i <i" .ifi'ihx) (,Min[nit.-'r tn fMM'f(u:t s.jft'ty, "1 lie ciualorj 
t'fnputf'f f.in f.> >r ) iMrnirwN 1 t«> run in ;\ sc-ilod tinio mode 

V. 1 1 u h r 1 1 h.-> '■ >nip [••^s or t ■ v tfi i ds s<.-)l n t if»n t imr- . V/i tfi 
■>|'f li 'I ['tfHjr.iin .1 pful,,- .,} ni Miv r^Kintlis dnratton auiy 

i s iniu l.itt'd I fi nil (HI t PS .hi c \ f.d'. 'S i v r tyf ^^' oction may 
ix' .'fferti\(Mv sImv, rd '.iowii to pf,M-inrt dot.iilod study. 

^ "iiiiMj tor (jsof-s lirwo cjonortiil\' belonged to one ccmip 
tiio ot luM- with rosf '(H:t to their' coiiifj i J t n t ion al needs . 
r .■!.M<;ni7''d t,iii-lv f'.frd^ ti^at Sufiie types of probU-^ms 
\ i--'dt'd ;ii'jr~e pasily the rui.}!'-.>r; rwirl othor^s to the difjital 

a[)pr-o.K:[) . More recently, engirteer-s in pa i-t ic lj la r- have 
h^'^'nd that t!ie best way of soK'jng some of tfieir' pt'oblens 
h, tjs«- both typ^s of comfujtors. Fiie assemblage of the 
t\\'> t\p"s of or nil p- 'er-s an<J the necess.at-y linkage is called 
a liy b rid (.( )nipi j t . r , 

'^■'"'.o,- D.i^f'd L()[Tipi;tej apfjlicat iT'ns are [lecorninq 
\u< r>',i\nu}\\-- t,. pinin. ai f )l,if M , M.iriy of tiiese .ipplications utilize 
(ofTipij t iiK^ featnr-es that might rnost appropriately be called 
hyb[-;ri. At a rminmurn they ^eaturTj analog to digital and 
< ) I ^ h t a I to a r o» log oa p a b 1 1 1 1 s to sense and control e n v i I'o n - 
rTi'Mi tal \>ci r-armHers , machine tool speeds , etc . Many modeiTi 
md us trial f^r^ocesses would be impossible witiiout sensor- 
based, computer- contr-olled, feedback mechanisms. It is 
f jr<.^!>al)ly rn the ar-ea of liybrid applications tiuit the full 
fjotenti.il of the computer* will be recognized. Administration 
111 in s 1 1 1 u 1 1 o f 1 s of h i g 1 1 e I * education will be extensively 
impacted [) y the application of n a I o g devices in the campus 
(.ompu ting en vi r-onment , In add i tiorn to tfie obvious applica- 
tion of w . J n d r- 0 a d i n g in t li e 1 1 b r' a |- y and b oo k s t o r- e , we can 
expect iTior^e extensive use of the student iden ti f icatron card 
ui machine r-ead r>'*f"^cesses , Gi-aphics, voice r'ecognition and 
r)tiior- analog applications will become tfie norm during tlie 
next ten yea r^s . 



The Modern Computer 

Woi'k on two u n iq ue elect r'o~rnech a n ical cjf v ices began 
pr-ior to Woidd War M and tfiey became operational in 1942 
and 1943, respectively. The first. Dr. Vannevar Bush's 
Differential Analyzer (Model II] was built at MIT and was 
the first successful large scale analog computer* capable of 
sufficrent accuracy for* engineering and scientific calcula- 
tions. The Differential Analyzer could only solve those 
pf-oblems wfiich it was wir-ed to solve it could not change 
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tlic ( 1 1 1'-: I !■ in ■)( 1 [1 f 1 ' fiiM 1 1' ill fhnv \',itlitnjt <i [)i'i'>r wiriru] 
1, li.i I u)<' . !'{)(' ii H 1 wt I t)t»v ic-(»s was Uv . |-|owar-cj A i k - 

rn's M.ir'k I Aijl(.)iii,ihc: Sp<]ii<-fu:e t^()nlr<.)llo(.l Calculator-, L>uilt 
al li,ii\,ir(! I ' 1 1 1 vc :":a t V \\\[\\ :;ij[){M)rl tri)in ilu? i t tM-fi a I ion .i I 
1 '< 1 1 s I D r' s \ M a(. Ii I n ("••, I .,.'•["; M )r<j t M ai , 1 li i s i?mc h m o u s(»rl f >u ru: liod 
(..([■(I <" 'iiHMi I f'i{- fi.ila '-.t'KMqp and Iclpphono rolays -is 
s V, I It. Ii I r i< j ('IfMncn t s , .in<i r-fM.civfd its n i s t I'uct ion s fr-oiii 
iMjnLlifH.1 [i.ij.fM- t,.»f'o. It ^vas first snccossful large scale 

'!i< ji t..l C'iinput(M- and w<is jhiajl it.-n t unes faster tliari rlie 
d"sk c<) leu I a tors I'f tli<it fj.iy . it Wtis at this lime that the 
Word cninpiitiM' ti"'k <.ai its pi'csoni connotation. Botli of 
tti.'sa (jf'vic^v. LduUj .iccci-)t (jata arid i n st r~uct ions from a 
v.ir'iip; '.*'t iif> (ifi tiu- .ui.il'.i'}} ,ir)fl f rnni fUJUcSu'd car-ris and 
f M ; t j; )t' (ill t h (h f 5 1 1 a I ) ,i i m j [ > r* ic eed through a [i rob 
I'MTi, from bci )i 11 n I r»rj ti.) r'ecorrJef.i solution, without assistance 
1 ) V '1 ' ■,' r'<i t(»r' . 1 he a!'> i h t y to store significant a niou n 1 3 of 
d.it.i ,iM(! 1 1 1 t r I ir. t !■ ■[■) s ami to word; without human inter-von- 
ti'ii. IS tlo' r.h . 1 1 M c)u 1 sh I r Kj hallmark of the computer- as 
oppMSf'l th'' ! .1 h . u la tf.) r or othfM- com; uting devices. 

In r ' It) , i )r . J F res f >fM- To herd arui Or. Joi i n W. 
M)U[hl\ r ' M ;i; ' t '-d \s-rk wn thfur- ["decti-'anc Numerical Inte- 
(j rsi t.a- r.uf i ( ,a I r.u la t , ,r ( I N I AC ) at the Moore Sc hool of E ngi - 
iifaM-mc^ of the l.ru\(M-sity of I'e n n sy I va n la . Their digital 
c-.fjmputrM-, Sf)onsDr-e(J liy the Ordinance Department of tlie 
Army,* was th^ fir^st to uttli/p the vacuum tube in place of 
the sirnv r-ohiy for- switchnxj. The local tabloids suggested 
that the 1 1 oh ts of Ph i ladelpli i<i won Id dim wIt en the EN i AC 
w.is tuf-riefj on [:)Ot:aLrse of the power consumption of the 
tons of thous<inds of ^'acuirm t'.jbes. Several lear'ned ct-itics 
suggestet.i that the star-tmg voltatje tr-ansients would always 
L)low at least one tube and, as a consequence, the machine 
could not wor-k , U'hile these fears pr-oved to be not totally 
corr-pct, it IS inter-estirg to note that eardy computers of the 
EN I AC class wof-o oper-atod continuously and powered down 
only for- enier-gencies . Later- machines in botfi the analog 
tind the digital fields used \'acuurv. tube circuits, tlien tran- 
sistor- Circuits and now integr'ated circuits in an effort to 
gam compu tat i oria I speed. Today gener-al pur' pose comput- 
er-s of both types at-e electronic; the electro-mechanical 
types of the lOdOs are obsolete,'' 



^ Material in this and Tollowing sections has been 
adopted f r'Om R. C. hleter'ick and J, H. Swoi'd, An Intro- 
duction to Computer:, and Elementary FORTRAN (Dubuque: 
Kend.di-Hunt Publ:<;hers, 1966.) 
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III-' 1 1 '• M : i fi I 1 1 •!> .1 ! ' > I I if 1(1.' ( ' iti t 'M- w.is I n t CO ■ 

in ]^.t:il. I In' fii'.t (( Mii; Ml tt'c \s,is ^ If ' I \-,> r.>( ] ti» -i |>fi- 
\ 'is'.(M'(i iipMii',in\ (tliM (uMitMMl ['Uu:tri(. ( "i unf ><! 11 y ) in 
''Kil |',^ tli.it li(M<' til-' Mx;M.it', h.id thpir f.rrvioijs 

'i;m;-,.., r.]>v,.^r.\ ,)(m! v..M-i^ I II r>lir{|[i«j lh.it | )m s t ! ) 1 y !>() UrnlcJ 
• t.it". ( ■ ■ r ; I ' r.i t h 'fi ;V'iiil<l < a ci 1 1 1 1 .i 1 1 \ .)>i))jifi' (Jifjit^il c;( unf > u I - 
••r., It'M \'Mi', Liter 111 II' Lii'ic ( 1 M'l M ir.it hMi ( U'os 1 1 11 < j hou s 
v.. I'". rr\u,\-{fi\ \y) l()l';!Ii.M M<i(j,t/iii»^ to h<ivr r.j.)enl inor-<^ 
th.iM i'lt) iiiilliMM in I'lie ycir (•[! ci >ni[ > u Ifj- f'(MU<il, rf^s('<u\:h 
•'Mil -..1 l.i rii>s i>f (liMijuiler ; >fM-S' MWH'I . Thn (,< n y r('pot-led 
•f return r,t fTiere tli.ui riiiliKui on il^-. 1 ri vf^s linen I . Similar 

" ; 'f> rieni e 1 ly ' .t he r-'; 1 r 1 c r'o,i s(m I I lu^ f xjpu h) ri t y of I ho 
t ' "'m; e 1 1 . ■ f until 1 ,) t till', \\ r 1 1 1 f i< ; ) the ( .1 'in; > 11 1 (> 1 rn"! 11 s t ry is a 
innlti l)iMi'.n d-lhir per \e,)r t < 1 1 :> 1 r u^'; s , with I'ne m.inijf.ir- 
tnror .iIdul^ cK .( j m 1 n t i n < ) f(.H- nvnr i I 0 , (K;f ),()()(},( )()() woi'lh of 
et ; n I f iin-'Ti I fiM n n t ri(. 1 1 J r-u j j )p r y n<i r . 

1 Inne ,irn, in npcMMlion -it this linio, more thnn 000, ()()() 
ri'iiif )U ler s ( n \ chnu ve of niic r~oc:orTi p u t c? rs ) ma ruif act u r-ed by 
t nit''<i St.ilns man u factn rtM's alone. Practically all of these 
'■'iii'Mters h.)\f' [)eeri m.nnjf.iclnrod since 19(34 anr! nil of 
' 'li 'ir'^ f.i.t.M', h"-.'-, e\f mmisiv (in let~in5 of thn numboi of 
c ■m{.)ijl<ili'"ins \)cr ntiit of cost) and have mor'e storage 
c.ijoacity than tlu^ fir^st electronic computer. Fewer tlian ten 
percnnt ')f thofii rorit for as little as $1000 per month and 
r^-Mitals as hnjh as S ■)()(), 000 per month are predicted for 
systems cnrrvMitly uncier development. Computer rentals in 
excess of iL^OJlOO r>ei' month are commonplace, Tlie majority 
of the large scale computer systems are used by government 
ar-nj private r^esearxh laboratories and by tiie manufacturing 
fHid process nidustf^es. 

While we tend to tfnnk of computers as lar-ge complex 
machines we fail to realize just how m^nv small (desk top ..o 
chip si/.e) computer's ai'e commonly in use. Computers on a 
chip for less than SlOO are available. The instruction 
repertoire and storage of these micr-o-pr-ocessors compares 
favorr^bly to first generation equipment. The fastest grow- 
ing segment of the computer' industry is the mini- and 
mic r'o- pr oces s ing field. Predictions have been made that 
the annual sale of mi c ro- p roce s sor's in 1985 will exceed the 
total pr'oduction of computers for the previous 30 years. 

Although the nited States is the world leader in the 
rnanufactur'e of computers, ther-e are computer industr'ies in 
England, Fr'ance, Germany, Italy, Japan, Russia and 
Sweden, Still the demand for computers rises. 

Computer development was concentrated in university 
researxh labs duririg the five-year' per'iod between the com- 



Oh 



;'h'ti-n ..t ill.. [ lht> iiitr-MiiirthM, tli.> lifit 

" ■ iMiiiit'i' ;,il ( t iin[ >i ) . th-' I'NtXAC. I. 1 ho •■.t>irr<l j)|(Mji-.un 
I ''111 "I > t vv.i t ' \ [ I h i| t 'M i ,M 1 ( i ( M ' 1(* X ff '< ) I s I < ' r^; ( \'t'|( >[ >*m j . ( ) 1 1 1 
"f t hr, t tMiiMi iMfi.il j H>ri"' 1 ( ,Hi).' t ht' M )\ AC , thr I I M AC , 
ihr MA^JAt -ui>l thr )()ICJIA( C'IImwiiki th.- I>.i;,i(: CmmtmI n{ 
iht' ^(I'-rt ,in(! Mjuihly w^i't .ui(i the W 1 1 1 fl \vi lU ! , /ophyr 

1 1 II r !•!' ,i 1 1 1' ! > II 1 1( ii ( )( J n[Min wirh of AiltMi. ("itnc.ur- 

rt.-n ■ <' 1 1 ' > r' I •> m h irt p ' c.i Ic <i ii ,i ln< j ( 1 » '\' k , t h r C y < . I( xi c ,m < j 
till' 1 \ ( > I )' )■ Ml , we rt' u n ( Ic r t ,1 k »*n I » y t f 1 1 hi t ry . 

itr';t I n 1 ,1 i hi 1 II Ml of tlu^ l.'NiV.AC vv.is rn.K.lf iii Juiny 
.'.;:'.! w<is pfttjMj ,it -:.:!:)(),()()(). I ht- hi'st urdcr for- the 
l''J\ A(. V, ,\\. . I II I '-If '.. * 1 11' ] l\ tMi(Mi<ih. |>hi(.(Mj |)\ tho r'*iirfM(j 
"{ th.' (..Mi ;ijs \ i,r iitMi-ly fi\(^ yc irs tho CN'iVAC ossori- 
1 1 .» 1 1 V h .kJ t lie el f m: t ror M coinfMj to f i (M d to itself. As 1 << to <i s 
1 '.)•!'"' lh<^ If'M (r.or[)r)r,itioti \^r^d nirirlc tfio cjocision not to 
MMrl- .'t t ht' (.' unputor Ccc^mso t h(»y felt il wo'jld nevor' be 
; > r-of I tM( ) le The c.(>r\ xhm te effort to cjevelop t lie 7()() scr'ios 
of \ \\\] ( ( 'Mif >u t er'S Miif! the obvious success of that effort will 
r,i\]\~ .f. 'Mil' <■)( the in.ij'jr [jusifioss siu.co^s stones in his- 

V'M \ , 

[Ins first cjfMit'r-Mtron of ci.^infMjters was cha racter^ized 
[)\- \'MLtJiiiri tube fiieni(.>ries , tapio stor<iq(> <j.nd r^uiiciiGd car'd 
I ti [ ) u 1 '• >u t r> u t d(^\' ices . r he mean t inie bouveon r onipon e n t 
f.ii lures was fre<^uefitly no nioro tfian 30 minutes. Those 
first r;ofUMM 1 1 ijo c:oiiipu 1 0 rs wore cj en orally p rog rammed i n 
riMchuie or assern[)ly latitjua<je. Control of tlie computer' 
systeiti was ^estecj in an operator who usually was tlie pr'O- 
( jrammer . 

rf>o seconcj generation is usually marked by the switcfi 
from tube to t f\ui s i to r's and magnetic cor^e memories. 
Computer memories were incr-eased fr^om 2,000 to 30,000 
words. a\ fiiinion operations per second was achieved in the 
second generation, as contrasted with ten pei' second on 
tlu- MARK b S,0()() per second on the ENIAC and 100,000 
fjor secf>nd in the first generation. During ihe second 
fjonoi^ation computers caino to be viewed ns something more 
thao a scientific tool and several coniputers were designed 
specifically foi^ commercial applicatiorir: , The second gener- 
ation boosted tho number of operation coder: from 30 to over 
100 and ushered in the era of time sharing, albeit in a 
r~a t h e j e r r' y b u i 1 1 , crude fashion. Procedure languages such 
as FORTRAN and COBOL became the primary programming 
tools and more advanced problem-oriented languages such as 
COGO cind STRESS were developed. Rudimentary operating 
Systems were developed and multi-processor configurations 
were implemented to overcome the :;peed differential between 
the electro -mecha n ica I I/O devices and the totally electronic 
central processor. _ 

23 
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III*' t h 1 !•( 1 I |fM MMM 1 1. Ill \\ I r; u.WI V mm r !• p< I ! ly 11,.' i n t m ■ 

■iMitl.w) Ot the I MAI 'M\() |||M> nf (i.MlfUllfM-S . Illll'd ( ) (' ( I ( ' I " < 1 1 h > tl 

' '>nifMitt'is tv()ir.illv' ('inplDV^M.l iru )f u il 1 1 h ic i ii t< '() r.i t (h1 cifcuits 
' it I MM- t l),in ( r,ni I tor'; ,in ( 1 wor*' c h <i im < tc fi /(m ! l)y sy s t(Mn 
■ ■(! ! ri i( ; ) f-M' ; r,ini<; c ,) | hu ! < >[ x • r.i 1 1 n f j s ^^ t <mii , I tli i it! rjon 
'MMti'iri i]i,irt-*Hl the »|<MitM-.tl <>[ > I j nc. t' (»f tunc shdnrw], first 
I fi t hr t >• )rni of r(>in' >t(' p n fi t im" r.j f( i r(M< I*m- I ),i tch coinpU^x (>s , 
'I Hi 1 Li tor ,j s s I* )w [ 'iM'( I ( tfMi f.h,i r-.ic. t(M' [ >or '..(M:o(Ki ) i n t(.M\jr. ■ 
' I \ , ' t(Mns coinini I HK..« t) n<j c^Vf.M- s t .uk i.u-cl t(.'lnp hone I rues 
'•Mtli tfl.'ty^)e» lil-:o (iovicos. Sxjnific.int x fX' r ihumUcI t ion took 
) ' l')r:o with ht n )(^ < 1 .ittt [),ist's f (^^tu n ng on! mo i nqm r-y and 
o;>'.!'it(>. rinrd f jo nff-i t ion tr'(:hnolr)r]y |(,'d to nttornpts to 
• "M >l id,j to ( o,in; >ti 1 1 n f] or 1 1 \ 1 1 1 o-; , ojCMi o r.il I y ox prcs sffJ .js tho 
''•'"'ii^nu r,f s(-,,d(^ pho'cniono. f ho cost fjor- unit of r.torngn 
.ind cost [>t:>c inst ruc.tion cycle t ktio were considerably U^ss 
ft.ir the l,iro;ec nicjchines, Dr. MorhcM-t Gr-O'ch wns one of 
dio fir-st to oL)sorve tliis r^lH-MioriiGna nnd suggested thnt a 
'l"til'hng of the price of a computer^ tended to qundrupio its 
1 Ih> thrrd generntron t7i(U-kcd the transition fr'oni 
h.i rd WH rp cen tered conrp i iti ng to our- cu rr^ent sof twa r^e devel - 
<»f>nient tof.iis. rh(.^ ifTif^.ict of this tr-ansition ori oi'ganiza- 
1 1- >M .} I structure, sof t wa r^f^ r jevfdoptiinn t and ope rat ion s 
rii<niar)ement has be(Mi major' and is " pu r'sued in detail in s ub - 
ser ; uen t s(*c t ion s . This t r-an si t ion lias not been fully 
.ibsorbed by many cornputrng or'ganizalions and continues to 
be tho sourcf^ of a niynad of development and management 
problfMTis . 

The depor'sonal izat ion of cornpu ti ng in the th ird gener- 
ation, accompanied by significant advances in large scale 
circuit trrtogration cand telecommu n rca tion s technology, ush- 
ered in what will pr:)bably become known as the fourth (and 
lasf^) gener'ation. For- our pur-pose, we will mar-k the 
four-th gfuior-ation by the pr-olif era tion and dcceptance of the 
mini- and rTucro-cornputers and significant efforts towar-d 
distributed computing rn networ-ks. The min i -cornpu tens of 
the 197()s have roughly the same power and storage capacity 
of fif-st gener-alion computers at a tenth or- less of the cost. 
In fact, some of the pocket srze calculators compare favora- 
bly witli the capabilrtres of fir-st generation computers . 
Hierarcfucal networ-ks of cornpu ter-s featur-ing widespread use 
of cathode r-ay tube input devices are probably the hallmark 
of fourth gene/-ation systems. Sensor based applications, 
wand roader-s, environmental automation, electronic fund 
transfer, etc . , a re becomi ng common place . The cornpu ter 
has probably reached tfie level of the ultimate ubquitous 
njacfi me . 
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\rchitGcture of Computing Systems 

' iw- (ii'iit.il Coin;-! I J t r-r- is. by definition, g counting 
•.' ; u fncinnt-^r c^i r.r' u n 1 1 ri cj is not tfie same as that of 

r ir.'-v\.. \]'j\\'^\'^r. Attr-r t'li'st ljuilding comp uteres using 

:,tii:i;,u- 'Jtw.irn.i! (h.ist:^ 10) system, ear'ly computer 
:••...;:,■■[.. f rr. . ;(i I / '-J iiw i \ <) n I j i-j o s inlierent in tlie binary' 
:■ t:>f 2) f i ij[TiL,^pr system. So fiir'iny of tiie devices used to 

* ■!-.• :>r tr-cUis'nit eJata numerical instructions are of the 
V. ■ :ril'.> -r LM-si<iL)le type it was inevitable tfiat computer 

i M-- '[•■-. W'.Miid turn \o the binary system. A switch, for 

• • wTipIt', IS titlier (<n or- oft; a card eitlier has a hole 

j:-, in ,! i}i\vr) p^-sitK.^ri o\ it does not; tiie flux lines 

.ij:.d ,-i nuWMir't.ic core are either clockwise or counter- 
! 1- I se : r}[id so on. If we use the numerals \) and 1 to 
' r.".,t-n I {Ue two possible states of a binary device and 
I'iMii.;.' ; Nfin in r-Qws i^ucb that the pr'esence of a 0 in any 
,it !• 'ii :-'".tns /(TO in the decimal sense and the presence 
,f i f; ■• .[IS fi where n is the position number in a given 
ropreser t decimal numbers in terms of their' 
■nis . 



S nr; f 1 cjf.j u pi r. ::}S of s ymi;oi s , or assemblages of two- 
.t.- dr\!ri'S. .ir^r^ jsod as re^^ist-.M^s in tlie -omputer and 
i' •-•!]{" nis ' 'f such r'pcjistet~s nir"i\ be combined to perform 

■:]],) : ; l.i t 1 ■' '11 s . 

f " r ' [ ) • [ ' t ' ■ ! ' :tt I H fj thc various arithmetic op"-rations 
• \i';t t'^r t.Mfiriry ruiniber systems just as they do for otiier' 
-.^stf-nis. ,\\'"r,\qo computer user is spared the task of 

tMriurn; these rules, however, because he communicates 
V. iMi th<^ c.omp)uter' using his own language. He may, for' 
V niTtp if> . s uLnT^it his or-igin a 1 instructions and data using the 
il; )riat.u't . stanrjar^d punctuation symbols and the familiar 
^-';irial .-.^'stem for numei'ical values. The translation to 
:Hnar\ i^ rm is made by machine. Results or other informa- 
1 1 . n <- ; 0 1 f } q f r' o m the computer to the user a i' e translated 
t : -m binary and returned lo the user in a form which he is 
,ii.i.ust.)mod to rca cing. 

The cV: a d ein i c administrator' will most likely use the 
C'-'rnputer as a tool for solving problems related to iiis spe- 
r.i.i! fiold of interest. He really does not need a detailed 
I nowifvjije of the design or operation of tfie various parts 
V, hich iTTake up a coinputer system. The user should, how- 
ever-, have some general u riders ta n d ing of the flow of infor- 
mation t h rou gh the computer . The block diagram or 
f I \'f^ - ;).-\ri blac k box r^epresentation has been widely used to 
pxi.>hiiri tlie operation of tiie cornpULer. User attention has 
l.)er^n focused, and rightly so, on the input/output proc- 
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>t--s ,.)f thr- [ii'jdo! . H' )V, ov ^.m- , t ech i ii-il<.)' jic.) i do\ elop[nt-.-,t s iri 
'ft-ssot' (.it".;i;;n li,-p.T! sinniriccHit irnp.ict on tlie econc-iinc? 
tht-' irijnit .piitj'ijt op'OrMt I'jns . A Gi.jbseqiient section will 
•'■■•I'j.ii.' .•■\,'f,)l ...f ihoL^T' n-'V, ttM. h n>ji(.H:; los so thai c-i Ij.isis 



I ht' C':tntr\'l ijntt ts tho c!i spatcdor- of tliC systetn. All 
I M s t r ' J r.l I'' [ 1 s , n-.t-j tiriLi op(?rTition coinrriands nr~e routed 
tiiT'Mujh this iio\];:r- urid it r.ontr<'ls the opertition of all 
I r ^ ' 1' f 1 1 ,1 i . ) [ I d \ t . • f( ) .1 i t •( i ( J 1 pinf n t H tlfiC lu'iJ to t It e sys teni . 
I lu^ ' >p.M\)t inn i.'.MnnirifKis fnr- <\\\ sucIt oqijipni!?nt ar"G nufTicric 
in natur^e and are tr\"uisrTiittcd and received as eloctr'ical 
pills OS. T\^e control unit is n^t dir'ectly accessible to the 
p r. pf J raininr'f' and he or' she generally fias no special intei^est 
I r i it S' > 1' 'iif] it functions p r'Operd y , 

A r 1 1 b ( n • - 1 1 c . .1 r 1 ci ho (j i c n 1 1 

1 lie .witiunetic c,t pai"j 1 1 1 1 y of tiio rnaciiine is, in effect, 
hriiited to ridditi'in, s i J b t r-ac t ion , ituj 1 1 i pi ica t ion and division 
(s'ttiu- now scir-ntific coriipuj tfM's have square r^oot capability 
(ind other iinKHJO oper\ators). The logical capacity is that 
of d I s 1 1 ncj ij IS h I ng botwoon zero and non-zoro and between 
plus and nunus whicii. wii on coupled with tlie subtraction 
oper, I tnai . ';i\f^5 tlio .idv^iec.i ability of deterMnining whether' 
(;ne null) bo I" is dif ferment f r'0ni« f'i not h e r and, if so, whicb is 
larqer. The aritiuTietic unit also has tlie capability of shift- 
inq nuiiU)oi's to t[ie rngfit or left in its registers. 

Botii I ns t ruct lori s and data ar'O nunier'ic in form and the 
.1 r-ithrnetic urnt may rTodify either' or- both of them upon 
cornnia ncJ . Also, since alpfiabetic quantities niust be repre- 
sented iri numeric fas li ton, tliey, too, may be manipulated 
by the a r-ithrTietic unit. Such ope r^at ions are binar'y in 
nature and tliey can be accomplished in times measured in 
r7i I cro seconds (millionths) or less in modern computers, 

Tlie smallest unique unit in a computer is called a bit 
(Binary digIT), For addressing purposes, bits are usually 
gr-ouped into bytes (typically eight bits) or words (typically 
IG to C)A bits). If an eight -bit byte is used for character 
r'oprosentation , 256 unique characters (2*8) can be lep'^e- 
sented. This easily provides for upper and lower case 
alphabets, the decimal numer^als, special characters such as 
*, S, etc. and other special characters such as those 

used in APb (A Pr-og ramming Language), National and 
international standards groups e^ist to bring some order 
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out of the confusion of many different code representations. 
T hpso rlif f 0 r-i ng code rep resen tation s a re one of the f i r'st 
pr-'Mrniis whir, h r^iust be c^vercorne in cr-eating a network of 
d 11^ 5 1 rTi I la r cornp u te rs , 

M'MTiory ( Stor^aqo Unit ) 

Bar>ic vvor'kinr) stor\icjrj in al! modern computer's is of 
tl^p niac^n-^tic tvr>':' and usually consists of a three-dimen- 
M'-n-i' ar'ray of small fer-rite rings called cores or some form 
of fM^nohthic I rT t fg r'aif^d circuitry. In the core type each 
ring h,i5 a unique address and can bo magnetized by the 
r'.:ssrig*- of d c:ijr'ront ,iior>q oach of two wires wliicfi go 
tlir.')ugl) the center of tlie ring, 3y appr'opriate selection of 
wir-cs and by control of the direction of curi-ent flow, any 
gi\en core element may be addressed and set with a binary 
\ or 0. The individiial cores [or basic storage units for the 
non core types) is a binary bit. In some machines tine com- 
pntational unit is a wor'd; oilier macfiines pei'mit words to 
ci'^fitain .1 v.inaljle number of bits. In either' case, ihe wor'd 
fTiay L)e \r>i,.i{t>ii [)y rnt^ans of a specific and unique numeric 
adrjress whu:h is analogous to a street address or' post 
office box number'. Still otfr ' types of computers use an 
rU.irir('SSri[)!e brisic unit of tlu te; w'Or'ds in these mac In in es 
ar'e gener.illy mafJe up of twc to eight bytes. Access times 
ai'e extf^'Mneiy fast for modeiTi coriiputer'S ; for' some of tfiem, 
1 1 rnes a r'e rnea s tj red i ri nanoseconds ( b i I lion t h s ) , for oti^ ers 
m k: I'' e^: '"n (J s . 

Both cJ a t a and i ri s t r u c 1 1 o n s a r'e s t o r' ed in a b i n a r'y f o rm 
in niomor^y . Stor'age in memor-y is considered permanent in 
tliat a word stored in a given addr'ess will remain ther'e 
until it IS actively replaced by another store operation. 
I n ter r^ogat ion of a storage address or' the print -out of 
infoi'mation fr'om it will not destr'oy the contents. The 
r'ead-in of infor'riiation or' the r'edefining of a value already 
in stot\-ige d I ways destroys the pr'evious contents of a stor- 
age ariiiress . 

Auxiliar'y storage may exist in magnetic tape units, 
magnetic dr'ums, magnetic disks, punched tape or punched 
cards. Units equipped witli optical scanning devices may, in 
additirwi, utili/e printed storage. Access time for such units 
is grMier'ally measured in milliseconds (thousandths) or 
slower'. With the magnetic devices, however, once the 
machine has found a piece of data, the transfer rate from 
au X i I i a ry stor'age to wor ki ng storage is quite rapid. These 
devices may be large enough to store practically limitless 
amounts of information (the real constraint is financial 
wfiich, of course, must be based upon need and frequency 
of use). 
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Mucii researcli effoi't is ^eing placod ori de\'eloping 
lar-ger- and faster compiitei' storacjGs. Ther-e are cur-r-erUly 
storages available vvhicli will store a trillion brts (terabit 
stor'Gs) but uitfi r-atlier sIq\^. access linies. Tiiir* film and 
bubble tGchncilogy is b'-TorTung rjiiito advanced. Tiie laser- 
[lolds perhaps the r; |-, t pr.tfMitial for extr-orTiely Un-ge, 
fa s t cc^niputer stor\ s . 

I n p u t L' n 1 1 

The pr-ografiirner communicates v.itli tiie computer 
thr-Qugli ^he input unit. This unit usually is a typewriter- 
or punched tape re.ider • 'ii \ ery small computers (or a tele- 
type like unit in i-omote terrniiuHs] and a punched cai-d 
reader on medium and large scdle systta^s. There may be 
intermediate input de\'ices, also. Larger systems usua'ly 
permit p i-og I'arTuner access only through magnetic tape or 
drsk . T [ie prog rammei' fias tlii s pu nched card information 
read by a small computer and stoi'ed on magnetic tape oi' 
drsk for- t r-an srni ttal to the lar-ge computer- in such systems, 
Thet-e is at present a gr-owrng riiar-ket for .-^cently intr-o- 
duced key board -to -computer- systems which bypass the 
pu nclied card operation altogetlier . 

Regar-dless of the type of input, the input unit senses 
coded infor-rnrUion of some type, tr'an slates it, and sends it 
to the coiTiputer- as a str'rng of timed electric pulses. It 
siiould be noted that most input devices do not have control 
functrons irtdependent of the computer except for operator- 
controlled STa\RT and STOP, Punched cards, in particu- 
lar, cannot be recalled for r-eading again wit [i in a given 
pr-oblem solution or pr-ogram. 

Oper-ating speeds vary greatly for the various types of 
input devices. The slowest is, of cour-se, the type which 
depends upon manual operation the typewriter or- the tel- 
etype unit. The fastest of the types mentioned above are 
tlie magnetic disk and dr-um. 

The primar-y characteristics of both input and output 
units is their speed dif f erentiral as compared to the Central 
Processing Unit. While tlie CPU ts capable of billioris of 
operations per second, typical I/O units oper-ate at ten 
cliar-acters per second, 300 cards per- minute or 1000 lines 
per- minute. So long as these devices are electro-mechanical 
or- actuated by humans, this speed dif f er-ential will continue 
to exist. 
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OLjt[j»LU Unit 

\ \^o computer' tfMnsniits in foriiui tion ;iCid results to the 
[ • f m; r.jniiTH'M- L)y nuvini; of nifignotic tapjc, punched paper- tape 
of- r. n r- d s , or t ii c output m y go d i r-e r. 1 1 y to a pj r i n t e r- , a 
[)|r,ttor', a CRT or* some otiior" df^vicc. F<egar-dless of tfie 
t\ p('> of output devrce, iufor-mation will ultiniately go to the 
user- in one of tiie l.rnyu<ig<*s witfi whrcli he is familicu-- F"Or 
tho academic administrator* this will usually be in nunier-rc, 
<ilphiibetic and or- gr-aphical ter-rns. Again, speeds eu-e quite 
V M r'labln . 



Conip uter Languages 

Each computer* is desrgned to accept cer-tatn combina- 
tirins of electf-ical pulses which can be interpr*eted as 
riunior-icHl cfia f-acter\s . The computer* is essentially a symbol 
riianrpulati ng maciiine. it does not matter- at all to the 
c'ornpu ter- what tfie binar-y digits repr-esent so long as man 
can d(>vf^lcp tiie neces sa f-y systems of unambiguous symbols . 
The code for' a macli i ne , con s isti ng of syrnbol s re cog n izable 
to the programmer and which, when read from punclied 
cards or transmitted from a terminal, create the necessar*y 
electrical pulse chains, is called a language. Languages 
exist at four' levels and a r-e classified as follows. 

M.icliirio Langutjge 

The basic combination of codes accepted by a given 
machine is unique. This combination, written by the pro- 
grammer in numeric for-m, is called rnachine language. Pro- 
gr-arnrning in machine language is very exacting and 
time- cons umi ng . Such programs require a separate step for 
each computer operation and programming steps must be in 
tfie order of execution. Tfie orograrnmer must specify exact 
locations in memory tor each separate piece of information 
and must take care not to use the same location for* two 
sopa rate values . 

As an example of ma chine language prog ramrtji ng , con - 
s i der the fol lowi ng system ( u sed with 3 popu la r mach i ne of 
several years ago), instructions to the machine were of 
tlie form: 

OPERATION DATA ADDRESS OF NEXT 

CODE ADDRESS INSTRUCTION 

Solving such a simple problem as X-A*B-C required a 
sequence of steps as follows (where 6() is the code for 
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ciLMrifKj a r-e<)is tor nnd .idiJincj to it, GT) [TU)ons odd without 
cltMr'iiK), /() means subtract witfiout clearing, 80 nieans 
store in niprnory and the fcuir- digit groups are addresses of 
tor.if K' lw(.a tii.Mi s ) ; 



!.0(\A rif)r^ INSl RUCTION 

()■][}(} 00 2or)() ():)()() 

():.0() 0^) 2{)Gi) ()*>]() 

or)i() 70 2070 nr)2() 

():)20 cO 2030 ()ij3() 



.... etc. 

[^,''f'>r-(^ tlii'^ prorjratn r.'MjUJ be executed, tfie progrtirniner- 
had to store tlie procjr.uu steps and data in the assigned 
.id dresses ( tiie second operation in storage location 0500, 
the thir(j in lr)cation OjlO, etc. J and send the machine to 
t [le 1 1 r-sl step ( k>f:a t ion 0-190 ) by niea n s of s vvitcfi settings on 
1 1)0 [Tiaclniio console. ( Note that tfie small program segment 
(i'.u's ii.-,.*i C':-rUain i n s t r'U c t ion s foi- obtaining the result of tlie 
f.H icu i a t ion s . tins would r'equir'e additional instructions.] 

Needless to say, such pi'ograniming tecliniques did not 
;>rove to b(^ popular- with problem solvei'S. Today, this 
type of fj T'oni'^'ifnini ng is the pr-ovince of the pr'of ess ional 
p r-og r-arnine who is involved in computer development or in 
development of languages. 

Asseniblv 1 arKjuagc 

[because of the difficulty which programmers had with 
bookkeeping operations, assembly languages which accepted 
symbolic addresses and operation commands were developed. 
Machirie language progr-ams called assemblers, written by 
professional programmers, cause the computer to accept 
symbolic names for nnmer^ical addresses, convert those 
names to addresses and to build an index of locations used. 
The assembler- is also designed to accept mnemonic operation 
commands. The pr'ogr-ams have to be translated to machine 
language for execution, I lie program submitted by the 
programmer is called a source program; the instructions 
generated by the compu ter constitute an object prog ram . 
Such programs still require one instruction per computer 
operation. Although not as time-consuming to the program- 
mer' as machine language, sucfi programming is tedious and 
generally less efficient in its exerxise of machine resources. 

Using an assembly language the example problem above 
r ;ht be written (where CLA means clear and add, etc): 
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CLA A 

sup. C 
S [ U \ 



Nutf tlu'it the (tssfHii!.)! V lari'jii.icjc linr. tfie StUiie bnsic 
structure /is tfie mac In no ItHif^LJncic wliich it r'cplaces and is 
t li'M-('f(.)rc nhiclnno cle^XMuJcMit. Miis, too, is unpopular' witii 
pri.rLilorii solvofs because tliev not itccu stoinod to bf-eak- 

iri') tlioif pr-oblefns into sucli niinutc operations. 

Thor-Q is onn pfocpdur'o wliich Ims been popular witfi 
tlKtso V, lio must pj rorjr'rirn in tissornbly languages. Cei'tain 
■^r-.ujps of op(M~atiof)s v/liicii frequently occur* together- can 
be groLi[)ed and the ei^tu'G gr'Oup called to step-by-step 
execution by a single command. Sucli an instruction is 
c , 1 1 1 ed a ina c r-o ass em biy instruction. The use of such com - 
niands wis the forer-uniier of the procedure language. 

Pi'ocftiu r-e Language 

Ther-e ha\ c b<.;en many attempts to make pr'ogramming 
easier by permiLting the pr-ogr'arnmer' to write in a language 
related to some method or" procedure with which he was 
already familiar. The FORTRAN (FORmula TRANslation) 
language is perhaps the most successful of those attempts; 
certainly it is the most widely used. The programmer 
writes a source pfogr-arn in the FORTRAN language and 
subriiits to the computer' fir'St ^ machine language pr-ogr-am 
called a compiler and then tfie source progr-am. The 
machine, under the direction of the compiler, will eitlier 
tr'anslate (or compile) the source pr'ogram into a machine 
language program (called an object progr-am) or into an 
assembly language which is then translated. The progr-am 
is then executable. 

The advantage of this approach is that one FORTRAN 
statement can represent many machine language steps. Our 
previous example would appear in a FORTRAN program as 
X = A*B-C There is a penalty in incr eased computer time 
r-eqjired but that penalty is more than offset by the sav- 
ings of programmer time and the ease with which the lan- 
guage can be learned . It is generally a g reed that the 
pr'ocedu re language is best for begi nni ng programmers ; 
indeed , it Is adequate for the needs of most professional 
programmers . 

Procedu re languages offer the added advantage of 
being machine independent. The compiler which translates 
the source program is machine dependent, of course, but 




the '.<iiifi:f» l.ni<;n.if)p ni.iy Ik* itstuj to wnte f > rof] f.uirs fot- tho 
ih-kIiimps of '-.('Sci-.tl (liff(M'<Mit t!in n u f .let u r-ei's . Minor- v.u'ia- 
1 1' in M( ( II f [ )ijt , g(MitM',j 1 1 y wn» k i ih") , f - ORT RAN [ypc p r'O- 
(>, ,» ijuT'ii |mv<.'I .ire f.( >iii}.)<itit)k^ Ix^tw'f^n (U.ichincs 
V liM . h 1 1; '(M-.ftf .it I h<U . 

(' i-i il 1 1 ('III I .) n 1 ]i )f» 

in r.ort.nn sppculi/fuj .it't-^.is wlicft* ov(M'yofio vvor-kiny on 
'\ [>'i ft i(. H l.i f' tyf»f' of pfoL")loni is liknly to lisc tlio ScHmg stein - 
ti.tr'l .<pf >ro.u:[i , kincju.iqps li.ivf' boor) writton in winch a 
partmuku- syinbohc naiiio ftu'iy call for'tli a cotripleto sequence 
i>\ < iprrat if.»n s I .t n a I ru jou s to sulviHf] a qr-oup of equations or- 
F(.)f<lf<AN type st-itoinont s ) and dolivec results in some pre- 
definorj for'mdt, i ho str'ucture and terminology of such 
lanrj I j.irjes is dictatod l^y tlie type of problem being solved. 
Mioy .w't' ( .\\\^'^\ firi^l^letn ot'ient(,*d kinguages and are usually 
vvritt(Mi iisiiirj a f'>i'ocedu I'e type language such as 
I OR T RAN. 

i. y.nnpios of such iait<juaf^es friay bo found in many 
(hitfMpiit ;^.>robl(.Mn areas. Ihor^* ai'O, for example, a 
SkRl'ctural Design Lancjuage callf?d STF^UDL; an Electronic 
CarcLiit Analysts Progtani called ECAf^; a COor'dinate GeOme- 
try piotjiaiTi called COGO; a discrete sy stein simulation pr'O- 
9 ram called G S S a n d many ot he r's . 



Modes of Computing 

Th r-ee principal modes of computer usage are usually 
identified. They ar'e batcii, inter-active and real time. 
Batch systerns wer-e the r'ule dur'ing the first three genera- 
tions but a I'e rapidly being supplanted by interactive and 
real time applications in the four-th. Most procedure lan- 
guages were dc^/eloped for- execution on batch systems, APL 
and BASIC being the two dominant exceptions. 

In a batch system the pr-ogr-ammer prepares the source 
program and data, typically on punched cards, and deposits 
til em at a pickup s tat ion . The ca rds a re read i nto a 
computer system and temper a r'ily stor-ed on disk or tape, a 
process sometimes ter-med spooling. A job processing 
schodulir^g algor'ithm, part of the computer's operating sys- 
tem, reviews the spool queuo and selects jobs for process- 
ing. 
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\ ''M t ii,tl I V solpf t I l)p Mil I ( Hit f. )!■ ( )ro(,('S';iiH| . I vf 'ic.H 

t ' I I II .1 r> ii I Ml I t iMi-'s I < 1 1- ,) ), i[ > ni.i V 1 )t' I ff iin t li rro to t W(^l v<^ 
^1' "M . I Ih' [ >,i 1 1 h Mj )(>iM I Ion !'-, (>:,'.(Mi t I'll! y ,\ f oij r' - s tcp 

\'. 1 1 1 1.' this IS .til of I K KM 1 1 ,if i( 1 rtM s< )M,t( >|(^ nil' t hod ii)r 
[ <'SM'i') (>r.i,!iii:tion j..[)s it toiu.l:, to he (luito mpfficuMit of 
tl'*' 1 ' T' i( ; rMiniiKM" tinu' wlion ru'W i,od(' is Ixmikj wt'itt^Mi -ind 
t'".t^"j, [Mi-t K.ul.irly wlitwi the ji.h ,i[)orts dut^ to ."i key- 
piiii(.litn<) of tfi\Ml [.f(MjiMiiiinin<j <mt(M' ,ir)<l tii(^ ; > f 09 r'ainnie f 
n)i I ■•, t \\,u t o\ r>r- t h I "< • liMii rs t^ di t "\ ,m- .1 11 d cof f 0(. t the 

f f. -r . 

In < ' r-def to ovfTf oni,-- llir^sf d(d,ty d i: , ny the p fogr'am 
df v'l' 'pnitMit pli.ise, time sh,)finr; was developed. Time 
'di,ifiri() .Hlows the tisfM' .tn interMCtive niude of cornputor- 
(r..ifje, [>e f rill 1 1 1 ri riiany s 1 im J 1 1 .1 1 1 e(ju s usofs to feel as tliough 
Ihey o.H h h-td rontfol of tlie cj ^'nipiitef . "Td^is effect is pos- 
sd)io wh'Mi yiMi Cons icier- tlie speed d 1 f f er-e n t i a I betvveeji the 
(,ornpt 1 1 er- s p f r^/^s s 1 n n .tbrMty and the feaction time of tlie 
P fofj f arnrTier' t y 1 ruj at a key t-)oa rcj . Well des 19 ned 1 nter'ac - 
1 1 \'e l<r n 5 j I )es Will scan input lines f o f syntax Qr\ 'jvs , 
.dlowinrj inirnet.] i,r tf^ cMT'ection of taping arid tfivial pfog 'ani- 
rning rnist.ikos. A Well designed inter-active language will 
alstj facilitate a desk calculator' riiocJe, pGfniitting many oper-- 
ali'Mi'-. v,ith,)Ut tfe^ in'r.ossity of ctnling a multi-step pr-ogicUTi. 
In an nUei" active system a dispatching algor-ithrn looks 
thfough lUn qijetje of ter-minals conriected to see which is 
r'eaciy for' ser'vice and gives some small quantum of time to 
<^<ich in r'ound fobin fashion. 5ever-al ^lundr-ed termindl? 
could be connected, each having the appccH-ance of controll- 
ing tl^e compute I'. Typical response times fof an inter'active 
syster-n would bf> in the one- to- five second r-ange. While not 
as ef f icieru in u till /Nation of macfi i ne i'gsou f ces as bat^fi , 
fu-ogramrnof P r'od uct i v 1 ty is gi'eacly incf eased (probably at 
least ten-tO'OrTo) over batch systems. The intei^active 
envifoninent loads rmniedintc!/ to thoughts of electronic mes- 
sage switching a mi office automation. A subsequent section 
will drscuss text editing and transmission in greater detail. 

Real time systems were developed for military command 
and contr-ol applications, the SAGE f Semi -Automatic Ground 
Environment) system for ballistic missile warning being 
implemented m tlie I95()s- The space program made heavy 
use of real time systems. Among the many applications was 
vehicle guidance, which r^equifed the results of over 13,000 
sei-ial computations to calculate and make flight path correc- 
tions. Obviously some form of round I'obin computer- shar- 



iiMl MM h .1*; in ifit(M-,i(,li\ f» ',\stf'in'; jii'.t W'lild iit)t di^. 1 he 
( li .1 r.K t tMi t u til rcil tifUf <i ( > [ >l ic, 1 1 h »n *; is tint tlu'y .irf so 
ini| wt ,1 ii t tlijt thi'v iiui'-.t t.il-c } ) r-rcMc l(MU:c ovci" oIIkm' 
ir.i", ''t tlw' ( * Ml 1 1 ' r . ^1.^M^^ torm'i of [»i-ii(.mss .mtoin.itiun 
'iirrcntly r-cly tniH' {'oniputMr system!;. Most cur- 

f'Mitly t!t"Mi)rM'<l r-i[M(l tiMoMt sy.tcms fcr 1 1 j i smiiim {(jrrn of 
re.) ( t line ( I >in[ >i) t<M' ( ont rol . 

As roinf J 1 1 1 f ' fs \v<M-(' <i(:t:(^[ )tM(.) ,iii(l f j i'< ^1 1 f f.j tfcJ , it \v,is 
o(iK lotjicH th.it .UtMHij'ts W(.Mj|(_l he (ncule t<) link thorn int(.) 
networks. 1 lu' M\aint)l('s of currently ('xislin<j f>ow{'f cji'ids 
.iM'i tf'h'ph' Mu' s\stefiis WMff ,\ pcfstirisi vo iinpntiis. f\'M-tic;Li- 
ki r i \ I M fM s iM i-( h f) I M'l <n ! I J (..1 1 Ion , p ro^j i^tinnn i iq was some w hat 
''f .1 (<Ut.M;(' iTMlustfy. How to use the corie wi'itten by 
Sf ifneof lo rit ,\no\ linr computer site has been a pi'oblem for 
coinpii to r users since the days of UNI VAC I . Add i t ion n I ly , 
',onu> fr)frTi of netwoi'k ing wou Id allow local specialize! t ion and 
the acJvant.u^ps of d inai-ket economy in computer services. 
I lu' d<'vek)piTient of tiiTie shni'ing pi'ovided the majority of 
the telor.tjrTiiniJ n icdtion s toclinology necessnry to ci'eate net- 
works (>i f.ornpiitors al->ove netwoi'ks of terminals. Some 
tfM:hniques neederj to be developed to ovei'come the eri'or 
ratf* in conventional telephone service, about two errors in 
(wer-y bits transmitted. The cui-rently favored 

f\pp rcu\c\^ is packet switching where data is sent between 
computers in small packets of about 1 ()()() bits- Tfiese pack- 
ets may be sent between computer's by sevei-al different 
routes, (N'tch mter"iiu'diato romputor storing, checking, then 
fcM-wa ri:Jing the packet on tlir-ough the networ'k, with ei'i'o 
neous packets simply being re - 1 ran smi tted . Upon arrival at 
the final destination the packets are re-assembled, placed in 
proper sequential order and presented to the tar-get 
computer- system. All of this network activity requires 
Ionic which IS pr'ovided by small computers acting as front 
ends to the major computer- systems in the networ-k. 

Most resear'cfi in computer networ'ks has been concen- 
trated in commu n ica tion s tech nology . In order to get 
higher transmission speeds at reduced costs digital commu- 
nications companies have been chartered in competition with 
the Bell System's analog network . In response to these 
initiatives the Bell System is implementing Data Under Voice 
(DUV) service utilizing under - loaded voice I i nes to pass 
digital information . Typical transmission rates vary f r-om 
2000 bits/second (ordinary telephone service) to ^jO,000 
bits/ second . Computer data has been sent by laser, micro- 
wave, and increasingly by satellite, Sever-al large suppliers 
of computer services curr-ently have their own satellites in 
orbit. Even more exotic technology such as millimeter wave 
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Iro'itlr. .nil I li('lu:,tl w.»v«' (nndc ,j[)(k>,w hi tlir uMir,() lihjii 
( Icn M t V cnmnii I M I r ,1 1 ii >n c li.i mi I s ( . .1 1 1 ! x' s h .1 t (M I or iiu 1 It i 
[ > If x «M I ! i<>t wiMMi M'vc r.il II SIM S I >y t inie < li vi Mon ( imich ,is I lu* 
l,iii|<' oil ( ii[ I Ml", ,»r»' sli,u't''lj or f f<M lUfMn-V divismn ( ,j 
hue rn.iv h<' -h.iffMl [ly .if>oiit M\ 'M)i) hfis users). 

I hp p<>t(Miti.il of (.inn[)Ut('r nrtwoi'ks h.is hui to simicuUi 
tion .i[)()ut local (ind iritiDii.)! (.1 >in| >> M tM' dnd 1 n f nrin.i t kjm tititi 
ties. Ofir m.i)oi- coiTifMi t(M' notwork, tlu^ AfU^A (Adv.HiccfJ 
Ufso.i rrh [V'ujf*r ts AcjcMicy of tlio Df^f^.u'trnon t of Def cnsr^ ) , 
.ilr(M(iy links (.iVfM' -U) fii.ijor- n [ 1 1 vfM's 1 1 i(.»s iind rt^socU'ch kibo- 
r,itoiH>s on tlio ni.ind.nif.) vi,i t(>lfplKjiH} circoits .ind H,uv<iii 
vi.i thr AIDilA s,it<'l|it(v We Ccin rxpcct to sc^o continuing) 
r)rr)wth of l_[)UNl' 1 .md tlu» ftirtficr dcwck^pnu'fi t of local and 
rcrjiorial f-osourcc sharnn) lu^twor'kr, in hifjluM' education. 
Fhn d(»vtnopr]i(>n t and vvi(Jespi-oad use of ntdworking tnchnol- 
(K)y sliould malso tiio use of coinputors in cu:adoniic acjfiiinis- 
t I'a 1 1011 n y t rfMiinl V cos t nf f (>c 1 1 vo . 



'* For an imaginative look at the future see James Mar- 
tin, Future Develcoments in Telecommunications (New York: 
Prentice-Hall, Inc. 1971). 
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"Every pr-oblcrii contiins within itself 
the r.oodr» to its own solution." 



Cost of Computing 

Tfie pur' pose of this chapter is to examine some of tlie 
economic and technological influences under which computing 
centers of the 8()s will liave to operate.^ The Fall 1979 
EDLlCOM Bulletin contains an article that projects the cost 
of computing in the next de.^de under the following simple 
assumptions : 

• Hardware costs will continue to decrease at 
the rate of 20' o a year 

• Software and personnel costs will continue to 
increase at 8") a year 

Under these assumptions we may conclude that for no 
g r'owth computing, by 1 989 the cost of hardwa re will be 
approximately !j'o of tfie tota I cost of computi ng . This 



^ This chapter appeared almost in its entirely in 
CAUSE/EFFECT . November 1981, pp. 12-19. 
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nu-cins that approximately 95"> of total computing costs will 
.itt r-ibutod to softwdi-e and per so nn el. Projected costs 
rnr software and personnel show an even more dramatic 
irif f-p.^se cinci consume a gr"eater perxentage of the budget if 
1 ^> ' n n u al q ro wt U is assumed ( s ee F igu res 14 and 1 5) , 

[ h'- purpose of tins section is twofold: first to deter- 
r:^.int^ if tfie above assufnptions and conclusions are valid; 
.ruJ sr-cond. to outline management strategies that should be 
liS'-cJ to cope wit fi and to take advantage of the changing 



Hardware Co'^Az 

Tne pre\ious chapter discussed the major- components 
iniU- ij^) tiie computer system. A large portion of the 
:-t-il (.<>;, t (/f f:r)rnputer* iiardwai-e can be attributea to two 
■ 'rn;j')nfuns : tfie central processor unit (CPU) and the 
iv,f-i]h,\-\ ( I ricl uding main memory ^nd secondary storage) . 
i Mijs It f '4npiJtfM-s are to continue to drop in prices, these 
pi-KP drops rmjst cr,)me from lower costs for CPU and 
(ru-n-jry. Lower cofits can be achieved either through 
trnpi'DvfMj f )erf orma nee of tfie component or through reduced 
i-j f 1 1 1 niri I n J f <i ct u r I n g costs. 

Lr-t ui examine the CPU pf i i " rina nee issue One mea- 
Miro A tiie speed of the computer is the machine cycle 
tiinp Cycle tirne is the time interval in which a computer 
'.nn perform a given number of operations A large com- 
nvMcial computer today has a cycle time varying between 12 
orui 80 nanoseconds (a nanosecond is 1 , 000, 000, QOOt h fr.^c- 
•-lon of a second). The fastest computer today has a cycle 
timo of approximately five nanoseconds. A 20" price drop 
c>\c-r tiie next decade will require a fold improvement in 
pfT-f or-fTianre; i.e. computers with a cycle time of 1/10 nano- 
sfH^ond would be requir'ed, Is it possible to produce such a 
iTi,ic[iinp or [)ave we reached the limits of the technology? 



Douglas E . Va n Hou wel i ng , "Meeting the Chal I enge of 
Divf>rs,ity and Cliange; Cornell Computing Services/' 
(■DUCOM Bulletin. Fall 1979, p. [>. 
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3-1 TECMNCM.fK-.ICAL TRENDS 



l.'v.is M. Bfanscomb examines tins question from the 
f>pr-sf:)ectivo of physics.'' He argues that the speed of hght 
IS sucti tfint It tr-cweis about three centimeters in 1/10 of a 
n.jnosecond. TIujs computers with a cycle time of 1/10 
n.irT'.'SPcrind cannot bp larcier tlian s.iy a one-inch cube. 
Mu^ IS ohLuii r.i^-jifi9 1'^ the sense tliat the smaller the pack- 
iigv the lower its rt^q u i renifMit s for- power and the cheaper 
its pr-oductiori costs. If tlie computer has 300,000 circuits 
tfien it will generate about one kilowatt of heat. Today's 
tPclHiology will not porfiiit us to extract one kilowatt of heat 
t rorn one imcIt cube space without damage. Thus it is likely 
that semiconductor technology will not be the answer to the 
r^HUilr^MIlerlt s tluit we niu^fit have towards the end of the 
decade. Howe\ er, a new technology, called Josephson 
Junction teclinology (named after- Nobel Prize winner Brian 
Josephson) holds a lot of promise. Josephson junctions use 
rnetal .jlloys cooled in liquid helium to 4.2 degrees above 
al>sr:)hjto /er-o. At this temperature the metals become 
superconducting and lose their resistance to electricity. 
Cir-cuits built \\/\th this technology have switching speeds in 
excess of 20 tr-iliionths of a second. Thus Josephson junc- 
tion teclinology, presently in the research labs, holds 
pr-omise for the future, but much needs to be done before 
tlip junctions t;>ecorne a viable commercial product. 

The SI I icofi - based tech nology that we are using today 
IS by no means dead, as substantial improvements are still 
possible. Todays technology allows around 30,000 transis- 
tors on a chip. It is estimated that half a million transis- 
tors can be put on a chip by 19S[> and about ten million by 
1990.* Full computers on a chip should be a reality by the 
mid - iQBOs. 

Another cost-saving approach in the manufacture of 
cornputei-s is the use of gate arrays. Large-scale inte- 
grated cir'cuits are made on silicon waferL, The circuitry is 
fabricated on the wafers by a multiple step process called 
mas king (ty pical ly a cofiipleted wafer has seven or eight 
masks). The gate array is a partially complete wafer that 
awaits the customer's logic r-eq u i rements . The user simply 
provides the logic information tor the last two masks. This 
process -educes the overall cost of the wafer and also has- 
tens the design of the chip. Extensive use of gate arrays 



^ Lewis M. Br-anscomb, "Information: the Ultimate 
f f-ontier," SCIENCE 203 (12 January 1979): 144. 

' Edward K. Yasaki, "Markets," Datamation (Special 
Edition), December 1980, p. 10. 
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c:ti possibly cut tlio cC'St o\ tlio systcin \)y a factor' of four-. 
It IB, t fifM'o to r-o , not ijti son able to expect that silicon 
[).)St»ci t»T h ru' »|. .gy will cr^ri 1 1 n i.j o to pr'o\'ide substantial cost 
fiMitjc-tioris for .it hsist fivn yrvirs, onrhaps lop.ger. 

V».' h,).<' .tir..--! ]\, S'-.'i! tii.'t (.I'l.i:. in coinpiitef-s ar-t> vc-ry 
with (-vi.lt^ ti[Tif>s as h'w as fivf* nanoseconrjs and getting 
t .'St'' . V. liat ! s r h.>t widely I- ni nvn is t liat tii ey arc very 
C'^nsistcnt v.itli rerj.jrd to (mtof- fate, alr-pady as low as one 
ill o f IP t j'l I i ton . If J OS ep h son junction tec ii nology becornes 
v.idf-iy used, it will be sate to say thrit the cotiiputer'S of 
lorn-TrMW ^vi I ! be v ory cold indeed. Thus computer-s may be 
(.. tiH r.K.t'Ti/t-'i .r-. itoirn; fast, (:< i s i s t en t . ccjhi and dumb. On 
t!v^' other Ivmri b.Minans a ro slow, inconsistent, warm and 
tiriliirtnt. 1 he real challenge is to get tiie two wor'king 
tiwjr-ther usincj the opt i run! mix of the capabilities of the 
I fiinputef .Hid the talents of the human. 

Mi'iit' > r\ S \ :". t fMT)s 

\i.-'nijry systt-iiis ar^e ke*.»ping pace with tiie d eve lop - 
tTUMits in tlw^ iW'i' ,if-fM. Mam memory prices iiave slnown 
s M ;h 1 f k:<ui t firrjfj with the i n t r^'ich ic t imh of 4K, then IGK 
(hip->. Mit* r^T^Mit p'rior' dr'f">[)S in the IGK chip market 
indit.ato that pfMMi,i;)r, ivlK r. lti[">s are ready for use, witii 
L:,"itiK {]]"!']■■ flii[>., ,rv<iii-K)h' in tii'^ rnjt tO'"' distant future. 
!j ttii:-: I'-. tri:t», i: f. .r;iv-. \vll in .!(.;\anr,e rif rr-j ec ted time 
f fMHK's . I hp i.trv-;rr density cmps .ir^e [j>oth less expensive 
<un! fTi^jr'' rt-hribh"', 

1 he t ie\ f -k jf )rneM t s in tlK> rir^ea of secondary storage 
li,,\r- [ir'cn nrtr-f^ ri ra [tut 1 1 c , The first magnetic recor-der 
rhit^s b.ic.k to the year TJOO wlien Danish engineer- Valdernar- 
f ' , 1 1 1 i :; e f 1 f i o ; i )■ > : i s t r\^ t e d a device in the Pans E x p>o s 1 1 1 o n . The 
in\pntK'n > -i the \r>cuuiTi tub^" amp>hfier- in 1920 gave a big 
br.Mst to the ^\eak signals f i-om tlie mrjgnetic r-ecoi'der'S , and 
til 1923, ThoiTuis Fid I son built tine pl^onograpl^ . Wliereas the 
m.tin FTUMnory of the computer is based on semiconductor 
t ef. h I u ik >gy , the secondr^ry niemor^y , so far-, is based primar- 
ily (.ju mrjgnf^tic disks. In magnetic disks, the r-eading and 
writing of data is accomplished by a r-ead/wr-ite head which 
IS an elect romagn etic device that reseriibles the head of a 
f^oiTie t.'ipG recorder. The head positions itself on a specific 
pr,sit ion on ,1 r-otat ing disk made of magnetic material . Each 
fie<u] f)OSition cor'responds to a concentric circle on the disk 
called a tr-ack. Data are read from and written on tracks > 



^ Rober^t Nh Wliite, "Disk Storage Technology," Scien- 
tific American , August 1 980 , pp . 1 38- 1 48 . 
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The most comnionly iisod tocfinology for- disk dfivos is cnlled 
tlio WiDcliPstfM- tcclinolofjv , intfoducGd by ! BM in 1973 for 
tfit'Mi- 33-10 (Jisk dr-i\os. In this tfcfinology tfie read'wf-ite 
hf'.al consists of thr-f'p f.'iiir. . Tlic outof two r-aiis govor-n 
thf tluw of .iir- ,incJ .jMm\v tin* Iip.kI to fir. at 17 microinches 
t'l.^ sijff.ir.o ot tlu- (iisk, L^.y conif 'cirison .\ srnoke 
f>rirtKJo IS 101) nii(:ff>inc:hf'S if) di.unetof nnd n lujmnn hair is 
2:)()() niKo-oinclH's . 1 hn t.til nnd of tlio contor- fail fias tlie 
rcMd write lin,»d i^Jilt on it , 

1 iiP . I mount n\ d.ita that can he stored on cj disk is 
rfpt.'r nil nod nnrnhor- of tracks pf>r inch of radius of the 

••'■•^ '"id \)) tlio .H7i;'unt (J.tta tliat can be stored p.-^f inch 
th.- tr-uJ-. rhf^ Wifjchester [le.id allows for lOOO 
tr-acks per inch with a recording density of U),(K)() bits per 
inf;h alofig tfip t r-ack . A Win c lies ter- disk is between eight 
'^"^i ^-^ ini.hos in dianieter- and is contained in a sealed unit 
t'> I- of^f. (Hit (hjst [j.jrtich^s . 

li-' in.itr-r-inl un the sur-fnce of tlie magnetic disks is 
if "f> i ^'sts show th^it if riietdliic cobalt wer-e used 

if'^tp.id .'4 11-,, fi f)\ifj(-., gr(sit"r storar^c densities coLild be 
'if h^''^ ''(J . Ari'jtlier .u'ci of imfM-nvoriiont is the read 'write 
h*''id itself . 7 hp hf'w 33/0 dis k drives introduced by I BM 
i^^'"' t li in film lieari . This hnad is made of permai loy , a 
f'li tij cr' kfl and ir^M-i. Ij n 1 1 1 p tho Wi n c fi es ter hcud it 

h'^s nr> C')\\ of wire in its oloct rornagnet ; it uses a spir-ai film 
of electrical C(MifJijctor to form tlie electromagnet. Compared 
^'^ the 10, 00^1 bits per inch for- the Winchester- technology, 
the film-Iit'ad can record at a density of 15,000 bits per 
inch today and has a potential of going up to 23,000 bits 
per inch in tlie futuf-e. 

There is yet a not fief- possibihty o^ improving the 
rncordnig rlensity on the disk di-ives. At pf-esent, data ar-e 
recr)r-ded a|.)r;g the surface of the disk. It has been sug- 
gested tf-iat data crajld be stored on end, perpendicular to 
tfie surface of the disk. Tlie technology to do tfiis is yet 
to l)P discovef-ed. Botti a suitable magnetic medium and a 
read/write head capable of doing this will have to be devel- 
oped, If this can be done, improvements in recording den- 
sity are possible by a factor of ten. 

Optic.il Disks 

A f-elati vely new ftiedi um for computer data storage is 
the optical system. Conceptually, optical systems are very 
similar to magnetic systems in tfiat both require disk med- 
ium for storing data and read/write heads for storing and 
retrieving data. Botfi systems require similar mechanisms 
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[, . p...^'t|,:,n thf..' luMcJs on tr.uJxS dfid tho riocosstirv' logic to 
f.'.-'fjf <i[kI ciocodo d<Ua suitablp for' stordCjo and orr-or rocov- 
f.M-y, Ap.irt f fOFTi tlio frict tiuit ono uses elect roniag net isfn 
.tr)f.! tin' i'il)pr- uses lasfM* optics. Uie important difference 
! -fi thf tvvo svstfMMS IS tli.'it in <)ptiCc"il systems the 

.n-i';, Nsrd t'^ d-'ti-t:l tlu' [ ) r t ' :. t > r K. r <.)r ril>sonco of "bit" is 
<.'\tt*rnal to tiio str.iMi jf' iiif^tjiiini, "I lir* 5 to rtKje medium the 
disk simply .icts -is <] '.j<ite. Tins allows for rnucii gr-eater 
s t'T-.i'-'j.:' densities. The simplest form of optical disk is one 
iM whicli data is stored on the surface of tlie disk by a 
I tser beam burnmcj miniscule holes on the surface. The 
s toraqe ri'-^ii s i ty is (.»\ t remel y high about 1 Of) , ()f)() bits per 
riMK A stand.trd l^l lorh disk is car>able of stor-ing 
apprr.x iinatt^V 10 bilhofi [>its of information. Clearly, 
thrpugfu the storage of t.iata using this technique is non- 
erasa ble . 

()ptioal disk d(nMces ai'e rapidly becoming a mass con- 
sumer ,'>r -'.iuct. Because of the higli vohinie that is possible 
in con ! J [iu-- r- products, the costs of op^tical disks for data 
st'jr.K;*' '..111 iiave an improvement of a factor of 10,000 over 
r < ,ri vt'ii t I'.ma I mar j rift ic media. Further, the entire recording 
in-viium IS r'f^movaK)le hI lowing for the flexibility of removable 
<](■;, ks or tapes. 

bf forts t<.' ri:^v"hMr^ <'fi '.vas-iblo o[)ticai inedium tfiat can 
l.)e reused (i.e., u ;:>da tcib I e J have, so far. been unsuccess- 
ful. Optical disks hold the potential of improving price 
performance by a factor much greater than 100 and are 
[ h u s well \vi tli in the 2()'(> a yea r (for tUe whole decade) 
criteria we are examining. The magnetic medium is not 
dfNid by any nieans. The pr^ojected improvements in the 
convi'fT tional magnetic disk t Technology will continue to sus- 
tain, for sevei'al years, tfie price performance figures that 
we a re seek i ng . 

Bubble Memory 

F^ubble memory will play an important role in the stor- 
age and retr-ieval of computer data. What exactly are mag- 
netic bubbles? For our pur-poses, it will suffice to say that 
rTTagnetic bubbles are very small and cylindrical magnetic 
regions about l/25,0()()th inch in diameter. These so called 
"butjldes" are found to have a stable existence in certain 
mater-ials like orthoferrite or garnet. Further, the bubbles 
can be made to move along the surface of material by the 
application of a proper magnetic field. The stability of the 
bubble and its contr-olled movement along the surface of the 
storage material forms the basis of bubble memory. (An 
excellent exposition of magnetic bubbles can be found in the 
August 1980 edition of Scientific American) ^ 
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1 ho cjr-ont .jdvantago of L>ul.>blo rncmoi-y ovor disk 
incriK ir-y is t lint it \m\s no rnovi ng par-ts . Tfuj s , liri I i k G 
nun. n ic.tl ci(Wicos, it r-eqiiires no innin tondncG . It is Gsti- 
rii.tt»Mj tlicjt i>ul)i^ln fTiofnof-y lujs a capacity of rGtaining data 
"\ t»f 100 yfMr-s. Ihis Irxirj tfM'iTi st.ibility of data cotnparGS 

i ,i\n\\\[)\y with thf' tiin.it p{J hfo *-if d«"ita on mag not ic 
tapos. I he orr-Qf ratf* foi" mag n»' tic Ijubljle riioriior'V is about 
one in 100 tnlhon bitf; tluis buijble iiioniory has an error 
r-atf? two i.H-dcr-s of rna^initudG bGttGr tlian CPUs. Compared 
ti' disk dr-ives bubble inefnor-y lias mucfi higliGr data dGnsi- 
tif's .ificj also has siiperior accGSS tmiGs. The only disad- 
varit.jgo of bubL>lo mernory is a slower' data transfer rates. 

I he pr-ice perforTiiafTce of bubbiG memory is vorv' 
attr-active; 100 bits of data can be storGd for about one 
cent. Figui'e 16 s flows tUe location of bubble memory in the 
pr'ice fxMfor'mance graph. Clearly, bubble rremorys fill a 
rather' large gap between main memory and disk memory. 
The two very important features of bubble rTiernories - low 
rTi'iintefuince and long ter^m stability - will make them 
extr-erneiy pr)f)ijlar. The initial manufacturing probiems with 
bul)L)le rTioriifjries liave [:)een overcorriG. According to VGn- 
lure DGVGlopment Corpor-ation , bubble memories will be a 
million dollar business by 198:).'° 

Because [)u[;)!-)le rnernor'y is pr-icod Higher tlu^n disk 
s\ sterns (includir, g floppy disk systems) and because it has 
P'_)or-er access times compared to main memory, the initial 
apT- heat ions of bubble memory have been in the areas wher'e 
moving disk rnernories are not suitable, like factory Tloors, 
or wiierG resistance to shock is requirGd, for example, in 
automobiles and portable terminals. As the cost of bubble 
[Tiernor-y decreases, it will surely be used as a substitute for 
semiconductor and disk memory systems. 

Hardware Strategies 

Wiiat does all this riiec'n? First, it is imperotive thcit 
dwGCtors of university competing facilities maintain a very 
flexible position wUh r'espect to installed equipment. 
Equipment should be leased, and leases should be short 
ter'rn. Purchase of equipment should be avoided whenever 
possii^le . 



'° See Computer Business News, 22 September 1980, 
p. 2K 
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All t'v.iinf'U' 'if .ill <■ \ ,il II ,1 1 1'Mi f . n »(.fM Ji I I'p (o ('\' .» I ii ,i to tlu' 

I c.r. \ r (- s I IS [ > 1 1 n li .1 s (' ( h m: 1 ion is f > s en t ocj in f- kj u 1 .'j . 
( ufv 1 '.lnA\', tlic c.nsl r)f ontri()lU f nj fch.ise . "I lu' f.ujr-- 
( li.isf [iru.c I'f tlw (M ; u ifJiiU'ii t IS <i littlf lA'fM- rnillinfi. If 
: > ( 1 1 , li .) M j , t In ' (M ; i II ; )m. 'fi t (.. unc, with -i \ im r"' s w.'i r j\m i ty .i n ( i 

I I f ■ f 1 ( t fu- re , I r'c \\ \ > iii.i m t (*n,u i f f » f.f »s t s f i u fi n () 1 1 ic f i r"s t yci r" . 
I f'l.Hirnnq liori/on js t.il.tMi t'.) he five yr^n s for- <i t(.Ual 
( ,i ■Mitl.iy <-'t l2.[)(y2 million, (". iirvc 2 shnws .i f i vc - y f.w 
h'.i Sf [) u fc h ,1 s lU'j rcHMiif n I us i n (j -i t hi I'f.i - f j.i rty lea s o . C u r"ve 

shows (\ slisn^ht Ion so c<..)st oveM- n f i ve - yf.'.u' p/M'iod. 
N'ltici.' that thf IfMSfj cost includes maintoriciriCf?. I'liG 
shailcfl -ir'iM 3 A r,f r'cs p<')ncj s lo tlio .iccr'uals which ai'c 
■,,h')ssf) t'-f ,) t\v..-\f',w f>fM-hid. If w*' iririkf tlip \'('r-y coriscr-- 
\ativo assumption that [icif.ps afc rjca if) to dr'op \)y []{]",, ovi^r 
,i two-yo..ii- period, thnn the purchase price of the equip- 
rnfMit at that tirne will be appr-ox imately Si. 4 million. The 
.tt(.i-iials ar'c S93b, ()()() dufing that period, making the net 
puicfjasp price less tlian half a million. If this sum is 
finant:('d r>\ (^r the next three year's, we will see a reduction 
in f.asli f! )W shown in cur've Ab . On tfie othei' liand, if we 
maintain tiif Same cisii flow the macliine becomes fully paid 
for- at the frid of th.' thir^d year. Years four- and five sim- 
ply have the maintenance costs, as shown in cui-ve Aa. 
This .inalysis was done for* an actual p> r'ocu remen t during 
the summer' of 1070. The r-ecommendation , based on the 
analysis, v;as to lease, with the strategv tnat if within two 
\ear-s the pr'ice dr-opjped at least 3{)'], to go ahead and buy 
the rtiachine unless new evidence dictated a differ-ent 
s t ra tegy . 

Second, tlia useful life of computer equipment should 
never' bo taken to be rnor^e than five years, with four years 
more reasonable, and tinree years perhaps more accurate. 
Depreciation allowances, where permitted, should be based 
on 36- or- 4S-month schedules. Replacement allowances 
should also be baseci on similar schedules. If local, state 
or- feder-al r^egulations prohibit these scfiedules, efforts 
should be directed at changing these regulations. 

Till r-d , c ha r-gi ng schemes for computer usage that are 
based on a usage charge of 6 2/3", per year should be 
abandoned and replaced by more suitable and realistic fig- 
ures. A 6 2/3^o r'ate inherently assumes a 15- year equip- 
mer.t life. No computer is expected to have such a life. 
Even though computers are theoretically built to last 
forever, factor's like technological obsolescence, increased 
maintenance and operational costs preclude a long useful 
life. For ins ta nee, the power req u i remen ts of an IBM 
370/158 are five times as much (22.8 KVA ) as the IBM 4341 
(4.4 KVA). It also generates five times the amount of heat 
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(Mil (.oiiM'.n-.-i t'i :;()() \', \ \ ') . i tot.tl 

' i't t .'fcnf in (..',( mI r-if<f-t rir.it \' .it tocj.iy's (M'|(..'<.. r.,if» [x^ 

.i I 1 !( ! ; r.i , I uii I ,, |- 

' "M- Ml V." Ii,t\.' ,llr-.l.!\ •..(m! t(l,1* .ir,lv ,1 ;,,,ct nf Mir^ 

.\>>'!).'iit III j.ruc [ -.Tt . ri),) n.,p v. 1 1 1 :>,(!im f r, >ir ii r-; . r< »\'r ( i 
* ' " I ' 'I' " I \ ; tilt' rest V, 1 1 1 ( .Min» ' f r^ mm (m ^ tn< 'in k. \ of i .d l(> . 
Ihiis, iJtil,^.', tii",-.^ r. i.MMi-i.linw < ^ n m < Ipim t m .1<. utfi.M-- 

t li' ;n-M< f IK 1 1, t h.it fi.ivf' (ir li,ivo n ( >< jt^nt m1 of 

I'-Aifb) .1 LirM-' i[ist..!l(Ml sli-Mud Ix^ rhosen. 

hfili, i!r,iin.itir (WK.r t !f'(. r(-,) so-; m tfip inrlur.tfv 

■• 'ili Snit fi'Mj, ,!,>,! (,(•..■ ( h s I .i\v wlurh st/it"*. {\}.\[ [v.\(:r 
tht' ['ti'-'^ \'\w\ f.Mir- tiiii'-; Ml.' roiTipii t-M- \u^\\(-r Ctirrontlv, 
pi I I »Ti t r- >in; )U I fM- f.")wrr. sm.illfM- coniputors .U'p no 
ri' M-'' f V »'Mi s I V t Iwin In r' )nr riniipu r? . Is it fjnt ttM" to Ini y 
' l-if'jc nimiljiT of srTi.iilfM- r.fjni| m tor?; , or a 5;niril| nunif^or of 
l'>''l'''" I ' 'Im; >i ; I .M-','.' I ho .uiswor trj tlii:^ qij(>ston ir. not so 
''tr,ii ; h t f . .(AS .1 r. i or ono suior! ,is it usr^cl to hn. 

'fi ^ t .. tr 'ij M'njlo cr sin-'ili nutnhfM- of lar(j<> co[Tif.)ij tf^'S 
.K"-' o^jort.'i.t, ill.- tf|. r-MSffl .'ftinoncy of niar.fiine <iti("j pnt^ 

• ''I [ i "I , I r' I ! ,i iifi rf>f 1 sr)f tw.i rn . Anion <;jst tlu^ 
' : ' i \ '|f I ' t' ' > < l.u-f;(v \\' ,tf^iir'. f^rT-.Uor- ovor'hnad, I tU' • 
<;•''■ I ii; !w>tM/ ■! 1 1 .) I \ ; 1,1 f i s I' .n ,iri(j (jrfMtnr itn[-),ir.t of n( j i j i prnrM^i t 

* ' i; • ■ ■ ■ T-'-i !i fw; I ,r .t' * ■/ ,i ro rr|,ito{J to por 
'Hii'^ .oi'! t t\v,i r-p . As will sofMi KitcM', tl^e cost of 

I ■ ''iif > 1 1 1 i [ M ) wtll !)P r;ovornrH rt'it [.>y lu'irrJv.arn f:osts Luj t 
-'^ ; j'-r M Ml nt^l . softw.'irn and rcrnni u n tea t ion costs. 
^'d^'M r,r; ■h'-rr is (H) r. 1 1/, i r - c u t r-r-r.oniiiuMirla t icjn for n finnnrHl 
■ - ' ' ^♦■v it t 'I n t '( ' s li' Hv n that ni in i cruiip ij t fM's a rn (?x t rnmoly cos t 
'dtf>' tivf^ if tlio\' I H) i^n dodicatod to singlo apphcation 
'if'M'^ I yHHiph's in admi rn s t r-at i vn pr'orossinq nii9ht Ijo 
ii'>r.irv .Mj tc 'tn-i t ion . ffjr)d so; vice nianagp'nent or- medical 
r"''*cor'ds. \otif;f' tliat noriF? of tfieso appMcations roqiiir-os 
any rictp'oo r)f d.ita sharinrj vvitii otlinr- institutional r.pplica- 
lK>ns III- [vavyroll, student records, etc. 

^ixth, as (hsk rtioniory systems become chnaper the 
four, tiofi f>f tape systems for storing user data will be 
c]featlv rndur.f>fi. Tape systems will be used primarily for 
l.)ackup and arxJiival purposes. All operational systems will 
run from disk . T fie r-e fore, existing user jobs that heavily 
riepf^nd nn tape drives should be re-examined with a view to 
moving tliern to disk systems. The argument against a tape 
system for anything other tfian backup and archival is two- 
fold: it requires operator intervention thereby slowing 
down systen- operation; and, most of all, it requires addi- 
tion.il personnel resources to manage the tape library, to 
verify the quality and readibility of the tape and to assign 
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.Will .illor.itc l,if»(»s tn ns(M"S , llic op(MMliru) ysU'in i"ns 1 do s 
HI V. I rl 11 ■ 1 1 11 ) ry ; 1 1 1 p i i i; im' f) ri^( j r<irn r"f*s K.it'S in v i r't ua I 
(Di'in- ' r-y ; fH-fh.ifis iho liiiip is Snofi r.orTiinq vvlum vvc slioijUJ 
[m- (»l,mn)n() for ijs.''f d.il.i to rosidr in \ii-lu.il in(Mnoi-y . 

Porr.onrKd [^foljU.MTir. 

So i wo li .i\ discussed t lie (J rot* 1 11 li «i rdvv a re [j r" icos 
■ imi its inij).K:l r->n Uio nianncjeiTH.^iit of cofnpiitiri9 . Tho other- 
[».ilt uf [ i|)ijr-f^ 1-1 d<\jls vvitli softvv<u-o and f^er^sonnol costs. 
I lit^sc [;i'Sts arc ( > r-( sjoc t p< i to increase at ati annual r\"ite of 
y> . let MS i^x.irninf the fx'rs'tnnel situation fir'st. 

A I'epor-t entitlec], Scii^nce and f: ngi nect'i ng (id ucation 
for thr l^)SO'r> and Beyond, released !jy the Office of Sci- 
f'lif f* and 1 f^dmology on October M, 1^330 paints a very 
\>\(\\ \: plot 11 rf on t lie a vai labili ty of coinf.) u tei^ p rof ess iona I s . 
1 Ih^ slioetarjes, the i-eport predicts, will continue tiirougfi 

1 hf^ VfM-y r,[,vi<Hjs solution to the pr'obletTi is to train 
rnorf^ ciMnputer^ professionals in our- institutions of higher 
U'.u'Dinr; an(.] ther-ein hos tlie bi(j9est problerTi. Thei^e are 
{\i f ' !i d^ . - ( ; I'rni 1 1 rirj computer- science depai-tmen ts in the 
I. . S . -iiid (...iiiada. Ar,coi-dmrj to tfie Snowbif-d r-epor-t, in 
19o{) there vver^e 1300 jobs advet-tised for only 200 gr'aduates 
with Fdi.D. deqr-ees. To make nriatters woi^se for iiigiier' 
eciucatiun, of tlie 200 Pli.D. graduates, 100 wer'e lured away 
to mdustr-y with potentially better I'cseai'ch facilities and 
r.or-tainly better- snhiries. This has I'esulted in a ver'y acute 
shot-tf^ge of teacfiers and r'esea rcher's to teach computer- sci- 
ence. 

[here is another significant and a la rmi ng t ren d . In 
1971"> ther-e wcm-o 256 PIkD. gr-aduates in computer science. 
By llioO this nuFTibei' iiad dr-opped to 200, It is extremely 
riifftcult for* compLJter science departments to attract stu- 
dents to the Masters and Ph.D. pr-ograms. Also accoi-ding 
to the Snowbird Report, bachelor' degree holders get start- 
ing industrial sala r-ies a veragi ig $20, 000 , Masters S26,, 000 
and Ph.D.'s $32,000.^^ With the very tempting salaries for 
H.S. degr-ee holders it is increasingly difficult to attract 
sttifJents to the gr^aduate programs. The lack of graduate 
students ultimately is reducing the number of individuals 



^ ^ Pete f- J . Denning, ed , , "The S nowb i r-d report : A 
Discipline in C r^isis , " Communications of the ACM , June 
1981 , pp. 370-374, 
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c.ip.i! of tp.H.hin^) coinpu t fr S( irMw.<\ tli('f'f'[)y )H t r i! )U t i n< ] 
to tlip ifi,»!)ility to tr.nn iiK'ff uii(J(M-tj r.jt.lii.ilcs to nuM^t iii.tfktM 

I j( 'MM I H i ■■. . 

It ,i;);w\n-'. tli.it '>\.\- 1 1 1 1 1 1 1 1 1 1 - 1 ii (i| lii(]!iPf fu ! i j r: .1 1 mn .irc* 
Mi4 ^nl) ijii.tMc t" f Iif( <* till* if'i j I J I 1 1 niitnl)<M- fjiTJclu- 
.it(>s t(> Mi'M't tin' ( iiMfirUK h. , [)ijt ihcr'c 1 :^ .iln*') somo (jiicstion 
(^t Nslu^tlwM- tlip f)f.»()iriitrs \vlu> do fMitfM- tli(^ job rti.tfkct h<jve 
the [»fi>[UM- [)ri{, k< I foil rid <wi{l skills. Tlu^ missicin of the 
i > iiup 1 1 1 rr' '.;(: loiicc ciof irtr tniori t s , ,icco fcl i n 9 to Peto r J . DfMi - 
(iiiuj i[)rnsKifMit ot ACM .ind hc.jr) ot the Coriipulor' Science 
( )f»[).» r't iiipf) t -U furfldO I J n i vp:i 1 1 y ) , is to educate coiTiputer 
sr K-ii 1 1 s t s , hot to tr-<nn stij(}('nts for- tlieir- fir'st job «ts 
f:..'rnp I ; t r- p i-of ; f.irniiie r'S in I ) 1 1 s 1 ikv". r. ckit.) p r'ncer. s 1 n fj o r-n,i ri i - 
/.] t ion s . ^ ^ 

In ( • \ . Ill 1 1 1 u n f) s 1 ,j 1 1 s 1 1 c s p u I ) 1 1 s h e d by IBM we find t fi n t 
bcfrpi-f^ I'J/O only ^^^'> thf^ employees wor-king in the infor'- 
in<ition system .ire.i came with a computer science back- 
fp'oiinii; the feirirn n 1 f n."] o-V,', canie fr-ort) business, fin.u'ice, 
(■ n ' ) I [ I ' " r ' ■ -1 ' p iii.a h a nci oil n* r' ( i 1 s c i p i r nes (with over' 2 j'n f r'orii 
iriHth), '«oif.f ][))'(}, 41' . of the nmploy'^ps came f r'oni 
( ofMp I ) t ■ '.f.irfu. (> ,wid onl\ l)h'r' ■-^^ITlf» f r'orn other' i sc i p 1 1 nns 
('.ri|\^ 1: , ( ,\n]r f rorn rnatlO. I t, -'if^ statistics, though not 
f,-: ■■ '-.^ . t.Po.f ' .f the )ndo-,tf\' as whole, do poi;it t''^ a 
■.,! ;nif!. ' !rr'iif!. iiphi < 't 1 n f o [-(ii,! 1 1'"> n systerTis is 

! v'-'Cfiino ) ( i S'l cornploy that it is incfeas ifigly important to iiir^e 
uu! I \ id 1 1 il s witli sf~>(^r,i til I /et i traininq. The pool of graduates 
UP r.hoi.';o fr.ifn is thor-efor-e smaller- than it used to be, 
makior; tins yot another faolor that contr-ibutes to tlie 
s h 1 ' r-t -tc;'^ of r> r- 1 f f> s s 1 o n ,i ! s . 



i his artjt'^ shct^tage of personnel is projected to con- 
tinue for se\ et-ril ye.irs at least thr'ough the mrd-eiglities . 
The s hoi' t age is already pushing salaries higher'. Studies 
,-lin\v that salat-ies are expected to incr-ease between 20 to 
2:1':, t'-om 10/9 80 to 19ai/o2.'' This loaves no doubt that 

] 

*^ Phiup J. Gill, "University Shortcomings called fac- 
tor in Personnel Shortage, ' Information Systems News, 26 
Jan u,u-y 1 031 . 

William R. Bradsliaw, Jr., "IBM Examines its Per- 
sonnel Planning," / nformation Systems News , 26 January 
1981 , p 4S. 

^ Dunfiill Personnel System, "Career Outlook '81," 
Information Systems News. 2b Jauary 1981, p. 40. 
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•,..| (\'.,u t' I !c\ I'l MM.-nt ' i.iit Kiiit", Im' .1 viM V l.ihof 

) ! 1 1 (' M M V t » [ ' I r M ( ' A* I \ . I I ;i ( I M M 1 1 I V .1 ft' I Ic \' rli )| )|n( > M ( U'( 1 1 

niipK", li.ivM t.illrii l.ir [>('htii<l ,i(|\.iH(("« iti 1 1 .i n I vv.i i"< * bMh 
iimIo'IN- I Ii h j iMinmc r ; > Ci x 1 1 a 1 1 \' 1 1 v , in •>|)it(' of the 
,i( I vc I 1 1 I tiii-l', .i\,iil,iM(» m tli<* in,ir'i-.<'l| >l,i( (' imi 
mi[ » r« >\ ( ■! I III ) t ,111 1 1 illy, Itnlii-.try (".tmi.itcs iimIk -itn lh.it 

I ' r> .r j iMinnu' r j . m h j 1 1 ( 1 1 \ 1 1 \ Im*. i im [ . n '\ f m ! ,tn ,»\rr,i(),> (»f ,\ 
\ '\]\ !>. 't I s', .W' II , ,! 1 1 1 1 ( ' f 1 ,i M( I ' .il'.ii (.iiitimif". to !)(' .1 v(M"V' 

I I iiH' (,( »[ I s I J ini n ( I .! I H I X ( )('H s I V (* | x'l u^r . I h 1 1 s S( jf lvv«u"<' 
( - u^; I !". ,\r(' V (M'v t:,lusf'l y I m ki h 1 If > j hm'S( »n tn »l (:< >''. Is . I fu* r(» is 
.1 iiut.iMc r V (,t '[ )1 ll Jtj : \\r fincj tluit d | ) j ) I i I i n n r.fjf tw.i r"(^ foi* 
[III (. ;•"[ ( tiii| . 1 1 1 (' I'. I fcl .1 1 1 vrl y M w X f MMi s I . I ll i s is true 
!>p(.,ju'^t' i.f tlu' l,!r-f](^ minibcM's ()\ fMilcnlMl s^los of soflw-u'^' 
for niic Ti m Mi;; > I J tc r s [jf^ciuso *i Lirt io porlicjii of tlie 
rnif; r^x ( )m[)u t 'M- ■>< it t w<» r'f is fJrvf^ofjrd hy lu)l)i)yists in lli(Mr' 
s CM r(^ 1 11111* . It IS .1 cot t<if jf^ i lu 1 ij s t f'V , 

Siiu;f^ ';oftvvarf' costs -tfo link tni vcfy {:losoly to [)CM'son- 
ikH c.<i'.A:\, it IS (^vpfM-.tfcj th.it its r.iti^ of |nrrf^■^s^^ will follow 
thr tmiils t'>r f mm-'.*>ii rit'l (M'.ts, ,it l*\r«t nnlil niorp .if 1 v ncrri 
softWcH'o d<*\ olopfTUMi t tools I jocome .1 v,n l.;iL>lo . 



Impact of Softwar^o and Personnel 

\\\^,^{ then wiM bo the iniprict of inci'oasing software and 

personnel costs on the mariagement of computing in higher 

fvJuc.'i tion? What strategies should be developed to cope 
with the changing situation? 

First, and per'h.jps foreniosl, lies the need to make the 
salaries available to computer pj> rofes sional s in liigher educa- 
tion rnore competitive. This problem is particularly acute in 
stiite supported institutions. Several states are r-e-examin- 
ing their compensation programs witfi a view to br-inging 
tliem more in line with the realities of the business world. 
Failure to do this will simply make our institutions tlie 
traiinng gr^ounds for tfiose able to offer more attractive 
compensation packages. The salary issue has yet anotfier 
dimension. The salary commanded by a systems analyst 
may easily exceed Uiat of a tenured associate professor or, 
say, the cJirector of personnel. Data processing directors 
command even higher salaries sometimes as high as the 
president of a small institution. These higher salar'ies can 
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r- 1 C' u s (J I s c o n t e n t dnnjngsi the ranks of o t h e r 
in tfio institution. Salary structures in some 
■ uri,i[)|p t'", deal witli tiiose differ-ences . These 
■ ' ■• i [MrU\ )'_'n SI 1) lo for s-.tiiie i ii s 1 1 tu t iori s 

i'jr thr- iii<ri a (]prnf' r 1 1 of tfmir computer facilities, 
f ' - 1 ■! r r-»n:p I vf s ,t con s u 1 1 1 r xj foe a n d [i i ros t lie 
I'l' : I \ id ! jj I s ti.t ;>ro\\ijp the sor'vicos . TUe i n st itu - 
■'d'.'r-e, dr>(.'S r)(;>t hrivo to (,.irry tlioso disproportion - 
r>,"iid indi vifJuriis on its payroll. 

o(i. we must ro-eNamine tlie jobs (not tlie job 
n) r.i <,(jr (computer profossionnis to deter'mine what 
* ' 1 1 - M r pr.-' s'Mi t .1 s s ujnnip.') ts ci^r-s not rer-^u i re any 
r n! a t r'fj I ri I p n t s . 1 fi ns p u ri rola t ed a s s i q nineri t s/ 
wki hf r-eassir^ned to other individuals. Basically 
oi corrtpntor- professionals to other staff in tfie 
^ <"' i\*'r V, 1 1 1 , of nocess I ty , dech ne . Plans should 
• 'Pff-.ttp with this changed rnix. 

: . I I r ; 1 ng a nd reter'i t ion prog i-anis should be 
i r I • , u 1 1 n K ; f ) s c: , 1 r I o f i o r - special e ci u c a t o n a I o p p o r - 
its prnployfT'S at ni.irginal costs. Keeping an 

"jh a i Inru ;ed and t r'a i r:f'd r-ed uces the poss ibi I ity of 



f'jin-tii, efforts sfiould be made to reduce or eliminate 
il-jr~ lotensiv p tasks. Labor' iri tensive tasks should be dis- 
■ 'NfM(;po^ [)\ first providing alternate services and then 
■rifirKj tiu-- kibor- iritensivo services artificially high, Tfius 
• ■v ; > I J nr h 1 ng siioijjci be discouraged by providing d eve lop - 
:i»'nt tprrninais to programmer's. Ir/ the design of better 
.''ftv. rire systems, by car^tiiiinM :t.i online, and through 
h'' ijsr r-i optical scan f.Mfns.'' ': '.-■L.r- . • <- of operator inter- 
^Tition r-pqui rements . :''o use of tap^~- ■ io'- application pro- 
pMrns siiould bo dis '"■'^[y- ' ^^imi / - "lounting special 
■:^rms. bur'sting mtjk . ,■ ^.']<: f.M. : Mie use of the 

- r i n t r- r' 1 1 s p| f should . , ; . I 

fifth, it IS bf- . in I rig ; . t n.' ' ;ia rdvva - e vendors will 
lal 9 cifl effor^ts to ^--rluco • , ■ ,;*'nn : stem software 

upport oosts and -..<■> pr inv^ . rment in that 

">ftv^rirp. ''"haj.-; ther-- il bf' m ■■■h*inuing ii^end for ven- 
'f" ^K^f t(> ir i:;i*e sofl . -p supipor't staff a', user sites but 
.it I w r- pf' . \ t(i p the serv , ' -"s th rou gii a cer, . .il ized respon se 



' ( )no migfit bo tr-niptfd to argue that "keypunching" 
IS not a ;.m'(kJ ijcti ve usf^ <>i ii)f> programme?''s time but actual 
oxper^ie'ice incicates that online programming is indeed more 
;:>r'oduct; ve . ^ 
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C'-^nter^. Further, now rol^-dses of softwar'P wiM come witii 
f";rtMt^r- Troquency thrui before. Botii these factcis wdl 
rii.jl-t' it fnr<r-e ciifficult and more expensive to maintain user 
'iv ! ! 1 1'- ri t i"[i s fh'(.fjl r!)'vjs ) to vf^mJor- suppheri operating sys- 
tt-r:) S' Tlv. .wuv Ht*nc.r' a s y f. t fni-.i t ic plan must be developed 
t'' r'*\ .ill I'joI riK'fis witli a \ if»w of ehniitiating tiiem. 

\\m' usfM" fii' 11 i I f ii;a t ir)n s shited for- ehrniiuition should be 
st.j'iii'Hi tor rr-rnr»\,il fr(iin the system with the installation of 
e.icii new relodse so as to r'odLJce the user' impact. In any 
t.,i--,e, as raore anri fnoi-e operating system functions get built 
iiitf. the fiartJwdre ov unci ov^ode, the luxury of making local 
rii'')(l'-, riirjy cease to exist. 

Fni iMv , .in o n \' i r-oruTi-Mr should Ijp cr'eated in which 
user-s can do more and rnor-e of tiieii' own computer'- related 
W'-rk. Tins would apply botii to tiie operation of informa- 
systems and to tiie development of software. 

In summar-y. tlie economics of computing promises to 
(.h,:iKje arid change significantly. A larger- and larger por- 
tion (>\ I'ltal Losts oi computing wiii corne not from hardware 
!jtjt f r'om software and per'sonnel. Energies are ther-efore 
Ij^^ttei- expended in arr-esting the growth of these latter 
(."sts . l ower- har-riware costs will necessarily r-esult in tfie 
[»r-. iht'r t-rithjo of r. ■ ■m;.Hjter-s . Ihis, in itself, is not bad, for 
computer's ar'e not known to pollute the environment, use 
an\ significant amounts of scarce resourxes (the world lias 
an dbundant sLjpply of silicon) or cause any exotic ailments, 
(hi the other- i^and they do hold a promise a pr-omise of 
'jr-«Mtcr ;"M-r^ductKity and lower costs i.ioth essential ingre- 
di'''nts in restor-ir>g faith m our- economy. 




ORGANIZING FOR COMPUTING 

"...some minds are stronger and apter 
to mark the differences of things, 
others to mark their resembiancGS . " 

Francis Bacon 



Combi ned vs . Separate 

Ever- SI nee we d iscovored we cou Id use the same 
computer for keeping student records and teaching iiigh 
energy physics we have been locked on the dilemma of 
whether we should attempt to do both tasks on the same 
rn-ichine. The proponents of combined computer operations 
point to Gr'osch's Law to support tiioir' point of view on the 
basis ot economies of scale. The pr'oponents of separate 
operations point to the difference in machine resource 
requirements for compute bound and input/output bound 
tasks to support the position that a machine that does one 
t.isk well must, perforce, do a poor job at the other. The 
cU-gument is exacerbated by security issues. The impact of 
dat.i integrity, security and privacy on administrative oper- 
ations IS keenly felt and generally talked about if not actu- 
ally monitored. While secur-ity issues are every bit as 
important in the academic community, too few faculty recog- 
nize just how significant an impact a security breach (or 
lax secu ri ty provisions in gofier-al ) cou Id have on their 
instructional or research efforts. 
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1' ''^ ;":'irit£ ot ^ iPw .ir'e ^.'V*M-st(jt(.'cl <itid now 
'If'''' !'4h sot'tv.afo rififj lidrrJw.ire, is constdritl\' 

' ^-tM'jw)^; • l,M p,,iMrTi.-l.M s of the jcquniont . Tiio gener'at 
' .••ir.. .f :-)\'-d, ;'r'.n.t'ss cj'IUcjI has br'Oaf.ic. nr^rj 
^^1'' -n-.;uiii.-;it S.-twv'f) tii-Sf sp(- tliM niriclnne as a d.ita 

I I ( (' , 1 1 1; Mj t I iij t ; »ij t 1 II nu] aiid f.) r<uj t-ani:tiorJ in 
''E''-'! • tfi.'.f' wl).. '-.f.- It .is .1 >rn;Hjt<»tion.il dtivico, com - 
;-iit..' cv-l'* ^'--kI 'ImJ i>r-' jraniiiH-d in lOfURAN; and ttioso 
vdi'.' \ n*w til..' iTiai. hino as .jn tujtoriuUic C(jfitr-ol dexice, 
I n ^ t r I K, t lun st-t [)'jijnd and p forj r-aiTuned m as s eriil:) i ef . A new 
' i-'H i-rMt K.ai f.f (.,Mnif.)LitfM- users wcanod on gnaptucs, mter-ac- 
tiV'- l.in<iij,i<n's uf.h as A fM.. Of- vony fligh level, i n te i-p r-- ; pd 
f! ■ '■;''";i")in-; ■.\ sl',-;rr-. p f .:.,)!) I ^^ sf.-f-s it as all t li rx-e . {" 
[]'.\rn ^he - \' . ■ -;t a t ■ anp n I (..t fv,,nt of view, the dih-; 

fern.nns. \ el o r k i nrj , i/aice vafnved as the so kit ion, n-jv. 
■ ''•■"■ly lias only rTio\'od the doniain of the pr-obleai f fou) 
h a ( ' Iw.i r (■ t ' ' ;m t { V, <i J"e . 

^ li'' i-.M)*^ nf c"iTiS^ined vs. separate fias historically 
r'- .. .| \ .'■< < If I f^i^or of conibined, until such tiirie as a 
r 1 1 H .1 1 (IMS', .a c;' ir i p u 1 1 n«j capacity has been dev eloped . 
At that p-ant, tlie \>f( ,\,;)(>c[ id iTiiy rating to a new system 
\s 1 1 h ci 1 1 te ren t con t rr.tl laru ; ijatjo , access iTiet hod s , Knigu age 
"!M'i(,»-',, *■{<.. (.r(M:ns dii inert hi .Mjainst charHjcv On the 
' th..' r h M nd . * ■ r i c la j r,i( p 1 1 9 cha ruje is ttic prospect of iTiore 
p'">\verfLjl carnf-ideri- , special purpose peripherals, oi* what- 
(^\^'r. If a 30 -year history is any indication, most organi- 
zations L.Hi look forward to a continuing debate, fir'St 
res'.'Kt.Mj in fa\'or of one concept, and ttien tfie otfier, 

I he first til r-ee generations of cornpu ters broLjght us 
f ft VT) s low , fi a nds - on , small s to rage, limited pe riph eral 
(i('Vic(> systeins to fast, interactive, mass storage systems. 
In the pr-ocess of this transition the computer system began 
to be seen in depersonalized, assembly line terms. This 
tr-ansition predictably left tfie user feeling dise nf ra n cfi i sed 
and estranged from the wliole process of computing. Tiie 
mystKjue of tlie "conipu te rrna n *" developed and was accompa- 
nied l>y an incr-easing anxiety on the part of those people 
who depended on the results of data processing but were 
not computer literate. With increasing numbers of business 
people trained in computing as par^t of their university edu- 
cation we can expect to see an amplif . .ation of the pressure 
fur using cuiiiputors as we use the telephone - an i ncr-ease 
in thf^ support for- d 1 s tr 1 bij ted (networked) computational 
capacity . 

CorTiing liand mduand with tfie question of combined 
vs . sef )af\jte is the issue of wlier-e to settle in the central- 
I /eci dec en t rai 1 / ed s pec t rum . T [1 i s is not a fia rdwa re issue 
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[)ijt rMtti'-^r- a qijf^stion <ji niost offecli\'ely to dovclop 

^Hi'.i !;t:li/t-' softv.d re*. At this st.V-je of conipulof iGciinology 
ttu'". I ■■. ;>fi'l»,iMv tl)f* ni'Tife inip-)rtafU question. Many of tfie 
• Ml!'' I . ..J.-', •( •>] \t ,ilt', t i\i n s f o I'd bi 1 1 ty of datn, 

<!';;':■ .i 1 1' ' n ( >i f >f»'"i ; > [)p r I r. . <'t r. . inip.ict t lie decision on 
• "( 1 1 : 1 1 1 / .( ' I' in . [ n 1 (>\ o\ t » t' r I d I n I ; ini; ft <i r i cp <i re niri nag e - 
rn*'nt ismj*'S. VdiiU^ it is nsf^ful to s[joak of tlie offoct on 
tiit^ Si'ttMni Init' i-n tlic (orpofMtc [i.ilaiion sliect, in fact, tlie 
c .'n t r .il I /,! t icn i -, s ue ts sol(-lf.n7i evor~ trcjnslatahlc to sljc^^ sim- 
ple, u n.iniL>ifj iioi J s ttM'nis frinrJ it is not clear tliat many uni- 
" I S 1 L 1 f's ii>i\'r a ttorii \\uc. oxprossod 'n dollar ter'rns). To 
Vrh.it fyt'Tit [o { * ' f 1 1 iM 1 1 / e is moro typically a question of 
I M ). ;"in. 'U t '.l\lt' .md p h i h • : ■< >p h y , In a drn I n i s t r a 1 1 V cd y 
■ .' • " r , t r-a 1 1 / 'd ■ Tn a n i / ,i 1 1 ■ >r i ';. o\](' wC'iilii expcH^t to son a com 
p'liint-nTar\ df-i p n t r.d i /od S'lf tv/d re dovplof")mcrit structure and 
ju't thr '.-fip.^site f'jr- hicddy c;ontrali/ed or-gnnizations , 

f ii< ' r ( ' I nr>t an '')p>t ima I level of software development 
< 'Mj t r.) h / ,P. 1 1 If t fi>r all or r],}n i /a t lor, s , but rather an appropri- 
•;t'' fi»r ,111^ 'jivr-n organization which best suits its 

<pin I /.i' h -na' -inri nun i . i < jf ' r i a i structure. Top management 
f >"rsMn,ih 1 1 f--. a'.n!*' (which is ri BIG aside), the university 
m.i\ [)e vu'v, f-d in s'"'\'ffal pnrspnct i ^'ns , f- u n ct ion a 1 1 y it may 
-i t'M' ; l'',,rriin'; t.-rnpiis spIIuh; a pr'jciuct ^duca- 

( M M ; r,, ; >! i , I P^ , it fnay [)>■ an « - 1 1 1 (■ r p r i s of ciiversified 
-I'.tuities 'ipprMtnicj ovor^ a wide geogi\_iphic r^egion. It may 
ar-;ri [jp sf>pn as a hic^h tf^c li nology ^ research and develop- 
fii'Tit piitpf^pnse with suppr>rtin(j manufacturing and informa- 
1 1 "M f j I s sprn I n ,j t lop a r^ms , And so on , for a number of other 
p'M^t..-pt I' ' n s f,f tfu* university, all held by different p>eople 
at the s-iiTiP tune. f hf^so viewpoints migfit lead to any nurri- 
bfM- (>i cr>n f ig I J ra tifjf I s fot- softwnr'e cJevelopment and [jr'ogram 
s upp< , r^t . 

In rnri M V u n i ve r^s 1 1 1 es , data p roces sing has ended up in 
rjccounting of the con t r^ol !e r ' s r/ftce because of the histori- 
es ac c kJ 'Ml t t h «i t the first da 'a p roces sing efforts beg an 
thpi-p, Whatever die ulttinate choice, for wiiatever reasons. 
It ts ni(.r-ensinf]ly likely hat tfiere will be some university 
data proc(^ssing staff witf^ at least oversight responsibility. 
This seems not only unavoidable, but justified, in the light 
of computing expenditures which commonly amount to five 
porx^ent or fTiore of the operating budget. 



Management Techniques 

lor, many rJata processing systems are counted as fail- 
ures. Tins striioiTipnt applies equally to the Ivirdware com- 
plex as well as spr^cific softwr>re development projects. 
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f i 1 i u r^s' I i [nr?.-i s; LJ r't?(J in ni.ui y wa^ s , bijtjt jet uvcmm-u ns , 
I li**' i 1 1 ! s 1 1 [ >p,i( poor- response tirno, inadequate system 
• J-'t's-^, '^\( *";mv hfW(iv,."H'n riov.'fi tune, and so on. Tfie 
t f : I I r. , r t I. >i I I Mdipl y M S' - r ( J i s s m 1 1 S i a C 1 1 0 1 1 with t lie 

P' " iiir.t '!•'! 1 \ •>!■-'( 1 . liK.lay nr-tv, Mfk f ' ii v i ronnien t orily 
1' - H'-f !'Mt'"> thf^ pt'i'c.'pti. Ill (it f,iiliin'. If it IS f I'LJ r> t iM t i ng 
t> ; 'pf v«, itli pri i!i!( 'Ills V, lien -u ( <i{i t.ilk to a k now I edge tittle 
' 'p'"''"! ''■ - iinp;nie fn-w ninth [iiort' so \\■\^on yoLi afo at ilie 
''tn.'r 'tk! ijt <i mi!t^ t-*h»f>honn liiu^ and all you can get is 

.) 1 H 1 s \ s I ' i n a I . 

I (Tini [iv»lt p, ri.i\ \\f'|| l)e at the root of many, if not 
'!! 't ''t til'",'- pr >M'(ir, . \', t ■ ha\{' kmr; since nraduated 
' '" t" f-^' .ifr; data U'< a c. \ I >. - c n -'t i r W'.ifid of i n f o fiiia t ion 

s\sttMTis. It IS rj dangerous a n a c h rij n i sm to reefer to wluit 
t'lkrs pl.io' in the univer'sit\' cornfju 1 1 rig complex as "data 
P'"(»".'-ins I he processing of drita in tlie [iistoi-ical con- 

t-'^t < '\ til" phr-.jsp iiKikf^s up a ver-y small subset of tlie lar'- 
'p'f pr''M''fn of managing infor-mation systems. To many 
u'-.'-r^, *h-' (,on-iputor- cijinplex is totally transparent [even 
ifi\isiMi') <irid IS '.fv>n ruiiy as a ingh speed printer, or only 
as i\ text r-d it' MP or (Mily as an archive, or only as a casfi 
if'jistfMp or (inl\ ris ,\ switching device, or* only as ... 
\ 'N pf'>b.il)lv 'P't 'ii'" p'Miit M.i n M ' pTncii t must learMi to see 
thf ( iiiput'u- fu'tv'.or'k in ttit.' san;(' ligiU as it is viewed by a 
(Tiv nad or disf.Jrij-ate us^m's as an information system, not 
pjst somethfng which pu-cjc^sses data. We feel so strongly 
.ibout this pMint that we shrill hereafter reefer to tfie totality 
ot hard^sar-e, sottwar^e and people as an information system 
Mud attf'uipt to df'ri! with th? question of infor-mation systems 
rii-uia( p^n* Ml t . 

()\)r r.tf the frustrations of managing information sys- 
t ' 'fiis IS the i J s s sf?eiii I ng i nto I e ra n ce f o r\ and lack of 
u nde r^sta nr.! I r)g of har^dwar^e prvjblems. Tlie fact tliat 98^') of 
tht'» system is operating perfectly tiardly placates those 
user's \\\^(> need to use the 2'<\ that is down, if one is a 
bflic-^fu' m Murphy's Laws, then tfie 2'', whicfi is down will 
nffefJ at le.ist -lO',', of the population. Any well designed 
system should pr^ovide some level of hardware redundancy 
commen s lj r-ate \Mth the probabi lity of failure and mea n time 
to r^epair of hardware components. This is particularly 
crttiCril in a teleprocessing environment wfiere a dozen 
fuf sf«f,.Mifj failur^es are significantly more disastrous than a 
smg!'" '?()-miriute outage. The terminal user wlio sees the 
system go down twice a week during fiis connection will 
u n de r s ta nda b I y v i ew the entire system a failure. 

U h 1 1 e \\^(^ number f>f fia rdwa re systems perceived as 
fhjps IS well kef)t secret, softwar^e failur-es are a constant 
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f .M-Litnb, r-,'isioi- to Kiontify and riioro porvnsive ni tlicir 
\imM(' fUH I f) I f»s ta t lori s . One r*nnson for tins may be our" 
l^n ;"Mi ,it\ t'l ['1,1(1, -..\>"< ify jnJ '.-.('t I iT'i |i tfinnncn slnndnr'ds 
in h (I'piixjs (j'''t<nl u^r S' »f t w.i ff » systems. Tluir' failiir'c 

til 't (■ r 1 1 ' • r" M <i I'o ■ ■! )\ mi j s . In ma n \ f..j s ns , pierf o rtiia nro 
Linti^fni t'.'- til.' Inifi Iwarc ('iinplfx davp rmvfM" boon nst<"ii,)- 
li'.h.'i! .iin! t-nlur^' jti(!';p(i stib)<M ' ivniy rathnr- than objcc- 
ir. r-K. 

1 '>»M o r'{' d I M I n. s I n rj t ( wma i o rga n i za t ion a i s t r" u ct u rc it is 
-iidy f.iir r«'th'(:t tlic s 1 fij r:t i J t^o that actuaMy dominates 
•J..' . . M ;,i 1 1 1 / ,1 1 1' ^n \\'- li.i\-' ,tll lif'/ir-(l that it is foally tlio 
[.i'r-;r'.i<\[-, v.\]> ■ iMHi Ihn Army ,iiu! t lu' Sf'C r'Pt<w"ios wlio r'Un 
the oft ICO, .ificj th(M-o is mor(? th.an a littio truth to both 
> 'b s or'\ a t K.) n s . 

Mh' b'",t anali'xjios tc thn business ot-ganization arc 
th''Sf dr.u', n f r'">m l.iioloyy. JUe or^ga n i zat ion is like a living 
' M ' ;.n 1 1 sm , S' ^mo of t li o celts a re dying and being r'opl en - 
'>\\\>-f tinir:tioMs are atropiiying f r-om lack of exer-cise, 
siunf^ (.('Ms .iif* nut of (.ontr-ol find must eventually bo excised 
h-r- tho f^-i jd cti tho \vhnlp or-cjanism , So it is with business 

Irrespective of a ;-">er^son s slot in the organization 
cli.it t, his Of hor- infkrence and ca p>abi 1 1 1 i es are seldom dis- 
corTublo by measuring tlie number of levels removed from 
tho t<^)p of I he chart. Personalities, politics and persuasion 
ail cnn tribute to gettuig tho project approved, funded and 
profjorly comf>lotod. The discernuig manager finds ways to 
use all three, in concer't with the formal organizational 
strMjctnro, to accompli sli tlie task at hand. 

One of tho hallmarks of the successful information sys- 
tofr;s manager is the ability to iciontify the underlying infor- 
mal organization and to bring it to bear on the p ro b I em at 
h.ind. It seems that large origan izat ions are destined to 
[)pcorne cjmplo/ arid bifr^eaucratic, The capability of utiliz- 
ing the informa' organization is sometimes referred to as 
"cutting red tape" or' "bypassing tiie bureaucracy. ' In any 
case, the larger tfie organization the more critical it 
l)ocofnos to u ncJersta nd ti^e informa I organ i zat ion and to be 

,\\)\(' [(> FTloljlll/e it. 

Most contemporary management structures are hier- 
archical, that is tfie reporting structure is a pyramid. 
Complomon ta r-y , compatible or coextensive functions are 
gr-ouped togotfu>r in so far as tUe top of any sub-portion of 
the pyr^^mid is able to coordinate and administer* the activi- 
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ti»'s. I ius (•,i).>fi iin.it Ion (ji'\]('\-<i\\y r^f (M" I'fvJ to :\\>^\\\ of 
i^'Mlf.'l ^shirf) IS t\pir.)l!y rnori s u red iii tiM'nis of t[io fiumlif-M" 
<'f M J f !■ ji n.i t '^s <i ••, 11 { 'Pr-v,' I si^r- <:.im r-.onti'ol. Optimally tdis is 
[\\i''>- {" ,ty. /.I til I 'h jilt or ten frf ) r»'^f»n 1 1 [)( J the uf'per" liniit 
''t f'fft"tKo c.i)ntr<»l. fhis j)riMf«\s i r-('f)fMtpd ve r"t ica 1 1 y 
ii'itil .1 --.iri'ilf t''[j (>"int IS riNif 1 M '< 1 , Ihmk.^' tfu' f) y iMin id . 

M I'-f'.i fi lii(..i I st rij( t u r'l'S oir.uc f rfM ] i kmi 1 1 y in rititt-U'C and 
H ( 1 1 h [•■)[)( iloiji s ts i M is 1 1 1 1,1 tc tluit it IS tlui iitJtur'rH orxja n i za t loii.i I 
% 1 1 I J 1. 1 ' 1 rt.' for' in.wi . People jnirT in ftmiilies, fntnilres in 
firins, (.Luis iii nations, otc, 1 lie pr-t?valeriCG of hieiMrchiCtd 
rnan.jfjfiih , 1 1 s t r- 1 1 c t iircs h.is led to the tnfniinology of top, 
in I dd 1 -i n ( ! I I i M 1 , 1 1 ^ri ,1 1 i im f i .»< ; on u ' n t , v, 1 1 cr" \\c d i s 1 1 nq u I S h top 
rn,Mi,i t jnirif I !.)\ 1 1 1-. fjlchal, I'.'ni;; r-ancjo viewpoint; functional 
manatjenuMi t by its local, shoct tGr-fn view; and middle man- 
.iqe'i^'''!^ '1^ infor-rnatton f il tcM's and facilitatoi^s passing infor- 
in.ition l),j(k .Mid ft.:n'tli K^otwr'on the other- two, pr^oviding fi 
tfcdhn,!-. (.'>nlr-ol chatuiol, The opGrMtioris (console oper'a- 
tofs , t ,1 f li L>i'c5 rran , p r-i n ter^ operator-s , etc , ) section of a 
('.' <\u\ r.eriter' is an acea ^vithin the Information Systems 

Of 'pn r- 1 nu' n t w 1 1 ff» h le ca r'C li ic: ril o rcjan i / a t lo n li a s wo r~ ked well. 

The rii f f If. u 1 1 y wtth fi i fM'a r'c h i r a I o r-ga n i zat ion s is the 
i'l'.'r-. "t iJtMf, o r-< ;,i M I / ri t loii w I de tjn.il- dhij tlu? f f.a g me n t a r y 
n.tture oi information f)r)ssesse<J by its cinployees, particu- 
Lirly those at lower levels in the pyr-amid. This is one of 
thf^ fticti'jr's con t rMlui 1 1 ng to the lack of under standing of 
I nf t )rrnat K);! s^; stems in the or-ga n i za t ton at large. 

Ofie rif tiio hallfTiar-ks of softwar^e development lias been 
its inability to deliver a successful product under normal 
h ler-a r^ch !( rH rnanagefnent structiires. Most major software 
cJevelopinfMU f)rojGcts curw^ently feature some form of devel- 
opment team. bmp'oyf-f-'S nway be members of sever^al con- 
currently active tearr.^:, leading to a management str-ucture 
in which tlie organization char^t is more like a table or 
matrix tivtr^ it is hke a pyramid. 

I h(» structure pr-obably developed as a consequence of 
the early, extreme speciali/atton of people in the computer 
field. Sciefitific and comrTier^cial pr'ogrammers quickly parTed 
company over the issues of ^irog ramming language and stor'- 
rigf? r-ec ) u r r^emen t s . Tfie control software programmers ar'e 
<'}ijickly fjfUted fr-om them both. The rise of data base man- 
a geme n t systems, teleprocessing sy s t ems , n etwo r'ks of tele- 
pr'ocessing fiardwar^e, etc. fiave all contributed to 
f r a g mentation t h vo ugh s p e c i a 1 1 z a 1 1 o n . 
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.h ( Af . ! ,' I , j ( )!•'. ( ( )Mri ; 1 irjt ; 



! t ; . i|u • .-.I ,11; ; I i !it t n nI t iiihn jifir ,\\,\ [ti,!|nf \ 

V. ,i t ! .( V I ! h,, I (11,1 1 1 .•(• h.i I tlv, .Iff ) < el MiM'nl . "f fi .( t Mi.it 

'! ii-t I.. tlic . -..f.liii.tU'i! rtt, )rf. -f siH'i.i.iiists (ir.iwri 

I • ' ■ 1 : ■ ; t I ■• ,,i . ,f, I r lh(-,(' si I Ih, 

If-' ( 1 * ''III'. ' ■( , '1 ; 1, 1 r t I i ! >,i m ! > n t i >v fM' <i m i ! > s t.» n - 

t- il , .lit ■ t til-' . ;-• . I • I .| ifih •[! t ( >i If liitTMi'i hi(.,il ni.i n.K ; t Mtu • n t 
t ' 1 1 i t N ( " . .1 ( " I ; ■ .t v\ I ■ M , 1' 1.1 ; ' I . ! t , , h , 1 n • i 1 1 • ■, II ( h t ( 'inj x > r.i r"\' , 
',>\:\ tir.t" ,1 ! r 1 1 1 ; ■ ■nil ' ; 1 1 . Mm' ti'-itii ii'fKfjjl, .i \. if" Mill <jf 

m,itn^ III 111,1 ifiifMt, I-; thr ; > ■ v -i I * -f 1 1 )ii'iii.tr\- I'f^ f x n i to 
tiMfi.r iui' ; ' !('\ .>!■ ; n ( j >r. ^jim t > . 



Wt.'f >('):' [\[\' ; '^t r ijt. t u r"i.'r> 

1 litM-f • 'M! t ' I 1 M> t v;i ' ! )H '; ic irn • t [ loi i s (of ( ] ( • t r rrni n i n ^ j 
til" r.\-M.r!Ki.: iirr . ,t tlic I n t ( win. 1 1 h ) n SystPins l.)fM)ar^t- 

('"■lit ( iM.- fi::(i ■,'irnt' <nn"n.il>l»» \'\ca' f>rf»sid('nt who is 

V. illi/.'i ( ".f Ml .lii.hM';) [>> f.iit uf^ with the h{?<ifi,-iclu-s , the 
<'M)*M t. i > ♦in(! If)-' ' ' [■! j.i f 1 1 /.1 1 1 ijn .1 1 1 V r.itii'.MUil r"e per ting point 
f"f 1 n f ' . r ;n.i t p a) S .st'Mns. Md\'if^tj s.nd this, Qf i(? obscr'ves n 
ti't "i tit" t'-fitifM iM tho hittfM'. C^or'tninly I nfi'.iMii.Uion Sys- 
t'Miis ; >; 1 1 t I ! 1 1 1 1 II »n to the t'>t.il o ff )<) 1 1 1 /.Uior^ cati be ?itifler] 
! ) \ M i )')'•■. s who IS r If 'I t h (M' I fi' )w 1 f 'c if jfM bl p nor sy rripii t hot i c . 

'.t ■ f 'jur !- !■, .-ivt^ the . 1 1 ! \m n t . i ' ; o s 'if .m <K;ti\(\ 

.1 ; I M ! 1 I .it t ■ li'^-.'. li'^ [■, wiUiii'j t'> t,i hr th*' tunc to u (id(.M-'.;ttirid 
the fMw!)h'rrr< <Hid (jfi-y pdtnntMl s<.ihitions on up tlip rn<iiiri- 
gfM'i.il hidilf^r'. [.qijrilly app.u'ont ar'O tho di sad va n tng es of 
rof )i:,f-t I jK i to n f>')ss c-tiKjIit in -i bcickw.itor of tho univor'sity 
wiv) IS unrttdc t-' [)rMrif] to hoaf the concerns of his peters 
f ' > f I n t'.HTTiH t ) on Systems [> r-ob! orns , no matter^ how s ymp a - 
thetu. ho 1 11,1 V bo [() I nfurrn.ition Systems I'cdatod problems, 

'\ t i ! J I fd-, I' " d^ at to v\' honi and where t lie coinp u ti n g 
fMitetpnso i-opf>rts will say a lot nbont fiow rnLic}i I n for' mat ion 
Systems can, or- sriould at temp)! to, accornplis li . While 
I n f o rrnrit lo n Systems are the backbone of many universities, 
there are as m/iny more whe/e its rijle rs less fundamental. 
And) 1 1 1 oi { s p r< jjoc t s r-pq t J i re s t rr)n f j rn.wia fjemcM) t backing, 
'.' >niot h I m ] whrrdi may not be possd^le to pr'ocure in situa- 
tions where I n f •.•rrna t ion Systems has a weak repoiding 
structure or- is not perceivf^d in the mainstr'eam of tlie uni- 
V e r'S ii\ e n to r r i s e . 

The u if or'iTiH t ion fM'OCessing function can generally be 
idontififuj ,is existiiifj within one of three typical organiza^ 
tion structures. Most large organizations are already ovor^- 
Ijurdenod with staff r'ep>orting directly to tiie chief 
executive officers. N'ewly established data pr-ocessing oper- 
ations ,tre I ror^iji-n I ly placf^d jn the staff r'ole, however^, As 
thf» optoration cjrows nnri matures it is genorally spun off to 
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"n»' '>i" rntw<» «:)f tlio lirio t.jptWM 1 1 1 1 ( ) flivisions. rfi(»r'(» is .1 
titMMl tit rrv ivc tins r'ol n 1 101 1 s h 1 p for- tlu» or'y.ini z.ition.il 
1 1 ( t orni.it h '^.y t ciris (^^.t u'l r( 1 1 11.1 tor' (nnrj por'h<ip)s d sinnll st.iff) 
\\\[\] p r-i !■ ; iruiiiiii M<j , ■■. V '> tfMMS <n i.t I V s I s , .inrl (jj.n^ r'.t t ions r'opor't - 
iMi; to t.)l )l I ■■, luM I lint^ rn.i n-K }(M-s . In those o f^n n i / <i t ion s 
■ ui'l industries v-Iht'o I r i 1 ncin,j t i'">n Syst(Mns is oxtr'nrnoly 
imp' >f t .in t , tlif'rn is ,in 1 n ' . |-n,i 11 1 < j icndfricy tow-u'd thn 
, t .il )) I '.-.hiTUMi t of ,! \ M-.n P '-(^s n IfMuiy for' I nfor^rn.it ion Syst("'ins 
'M- sotnc stj(.h titU». V\^o rnui'o typic.il *mi v 1 r^o rirnen t is onr? iri 
\'.lMih tln^ I n f I n-riia t ion SystnrTis o r-cjd n i /a t ion exists at the 
< 'pa it irif Ml t level, [. x t ffuiie riiafi a r'l al i lai son and under'* 
stafidirifj rnav l>e n p s s a r'N' t<.) pui'Suo a sei'vicG center' I'ole 
in ! h I ■. ( ■ n \ t ri )i 1 Mi.M 1 1 , 

One uf tfie r.on t r'l bu 1 1 ruj son r'ces of lack of cjood corn- 
fniiinr atloo tietv.e.^- I n f o rnia t lo ri Systems and user's is the 
■>trti'tnr«' "t tiie 1 n f o r-rna t ion Systems Def.jar-ment . A glance 
at till' Mji ;a r u / M t M ai rJiar't of the I m ^•rmntio n Systems 
I '»'pa ft fiien t will pftier'idly be sufficient to pcedict the status 
'it ! II f ( ain.i t h"ir-, S y s terns/ u s er' r'el a 1 10 n s h i ps . Su r'pi'i singly , 
in.wiV i n iMfin.a ion SystfMns Dep a r'trnen t s tiave no for'rnal user- 
(.-ait-uit prant .uiyu'her-e in their' s t r'Lj ctu r'e . Tliis situation 
'VMiis TTjuqlily fM;uivalfMit to a computer' vendor having 
d.'M'pi, f ' M f n f " 'e r I n g -uid nui n u f act 1 j rt n g (Jivisions !)ut nar'y a 
tr.u'e (.if a sal(>s fc^r'ce. ((^ome to thirik of it, we believe we 
ha\e ciealt with a f(?w like that.) 

Thf? Ljltrrnate, if iiot usually immediate, consumer' of 
InfMrrnation Systems snr'vicos is located exter'nal to the 
I n f ( u^n.K ion Systems Do[:>a r' t men t . Some pr'ovision fof for-mal 
contact must be made in the structure of the Information 
Systems Department, the higher in ttie structur-e the bet- 
ter-. In geofM'al, we could ar-gue that a "sales" or- "con- 
sumer- cdfaii'S position should exist at the level immediately 
below top Information Systems management. As this posi- 
tion becomes fur'tlier r'emoved from top management, the 
user- cor'rectly per'ceivcs li i s influence degraded and senses 
that liis opinions and needs count, for little. 

One of the real sadnesses of many computer organiza- 
tions is their almost total introspection. They operate as 
though m a vacuum, totally div ed from the needs, aspi- 
r'ations and expectations of tfie rest of the university. 
This estrangement frequently surfaces when machine utiHza- 
tion r-ecor'ds are reviewed. The introspective computer 
department frequently accounts for 5fy« of all computer 
r'esource utilization. While this may be evidence of poor 
management in many cases, it is always evidence of an 
interrially focused operating pfiilosophy. 
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I In s k I ncJ r it .in < »; x mm t x 'ful j )[n h )S< >( >iiy .u; t s -ts .\ I »r,i k(> 
1 1 1 rM>\ ctl I v, »' r(Mn[>iit(M' .if >p 1 1 c .i t n > n s rHic) f<uls to f»xf>iort t [u> 
i)Si';Mit\' ' <\ t(i(> ) i MHpi 1 1 -M' . TiO'-kI iisfM' f'f>l,i t ifMi s <'irf> (ristorvrl 
III 1 1 1 ( ' I n 1 1 ) I'fTM t h 1 1 1 !) , t t'lr < ■ r > j <n ii / .t t ion tint s(»r s 1 1 sf*l f .ks ,i 
; M i \ » ' vo r- of fc'.oi I r'oP', ,1(1(1 ,i f .M .) h t .1 to t' or' (..> t.i I y s t in t. h o 
rn, Ml ni.u I n iir y i o'f - j i '.in . I i J o i t 'join* lo r io s u cli .in fjfUMi 
[ ) 1 1 1 |i )SM| »| 1 y t., th,»t wr shouhi soon "li.i'.t' tlw' iiun.itfvs r-un- 
Mini) tlio institution," I ho t .irnf >n J c in '.ornn < ir'<"],i n i / <i t ir)n s 
to tli(' |M-'rs<>n<il rniccc* niini is little more th.in tlip usof vot- 
tioj with Ins foot, e \ f > r'ess I n tj hts feelings reg.u'i.i i n fj pcxjr- 
s <' r'v I ce t foin the I n i o r'ln.i lion Systems Dep.i rt ninn t . 

Job Shop VG . Utihty Of^oration 

\vi( ! o sp r'e.Ki nt:ce[5t<:inr(.' of n e t wo r' k i n rj will hkely ro n dor' 
npM»t tho e, Mje of joh sht.'p vs. cost center opCratior)S. Our 
initial ni.f.jf f)f e(:^fnf n 1 1 fM' usri^jo vvrjs fjrobably most nkin to 
th.it of ,i h[>rar-y. I he emei'genco of the micr'ocomputer" will 
P eol >o ! ;k. (M n"}en ( Je r (i r es lj r'rjenco of dcma nd fo r' this 
n.nitis '>ri use of f;(wnpn t fM's . riowever, wii^re economics of 
sole h.i\e iiidu:.iteri the need for a hr-gr? scale system, the 
d.'b.ite ' >ver' ^vhotluo' |r> oper.itf^ it for' hrir'dware or' peopiln 
< ' i p ( o 'IK oy V, ill r . jfi 1 1 fo J e . Mr' ma n i j t ar. t n I'l ng industry has 
r'.ithor r-.-.MuJ usiN'oly demon s t r'd t ed that whor'c the machine is 
t h'^ c rit 1 c<rl I'f^sou r-ce, job s tiop schcd u hng tech n iques ca n 
p.oduce stgnrficant economies iri p r'od li c t io n . For' those of 
us in (tnnputnig the cr-itical question revolves ai'ound tfie 
assurnpt ir.)n tluit tho machine (in our' case, the computer' 
harrivvaj'o) is th(^ critical r'esour'ce. All r'ecent industr'y sta- 
tistics show r;uitf,' clear'ly that softwar'e and softwar-e devel- 
tjf>nient costs ar'e incr'casing significantly, wliile hardware 
(.<jsts .IS -i p>er-ceritage of total oper'ating costs ar-e decreas- 
ing. In fact, many industry obser'vers suggest that soft- 
ware costs ali'cady exceed hardware costs and should 
shortly r'ept'esent something ori the order- of of total 

oper-ating costs. If this be the case, job shop operation 
w 1 1 h scfuniii I ed I'u n times , p r'e - speci f ied resou rce requi r'e- 
ments .md p r'edeter^mi ned priorities make less and less of an 
tmpact on cost reductron efforts. 

To significantly r-cduce the costs (or improve efficiency 
of the totril operation 1 , we need to f ir'st attack those areas 
wherf* the e x p^Mi di t u res are largest software development, 
rhrs suggests that r'ather than optimizing hardware we 
should be optimizing the effor'ts of the people who write the 
software. Such a point of view permits a less optima! use 
of tfie h.irvJwar*e r'esource if that consequently permits 
impr'oved efficiency in software development. Such a mode 
of operation is commonly ter-med a cost center priorities 
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I i'*t rmi nrr I l)y [ HI ft h,r. I lit } (Ki^vrr, < i n n[ h 1 1 i im j t (".« jii r* c, Milcj 
t- thr li|.)li<..,t [nn.h'r '.n t<) '.prak, Will s|M',.k JHore oil 

Uir. r.Mit' l-itrr, [nit \\r ';|i(iiil<l f)*' fj^irpftil not to ((iiifirw 
t li >■ 1 ' t 1 CI 1 1 f f } ill 1 1> ,M »; ■ hv u 1 1 ii the m lt',i < jf ! > 1 1 yi n . | h . i r'l lw<< 
It' I I > \ » . 1 1 (* II I.I n ,11 j( 'HUM I t I n . i! » 1 1 ■nr. . ( n\\ i « ' i tfM~ ( >{ mmm t k tn 
' I II I ! ,r, iiiiK h , if iM )| in i re , in.i n ,i' - mMn t ( < ni 1 1"' )l t h.iii 
1 1' ), )! ) ■, hi p| » ( )[ x'fH t iMii 

A iin[ >l I s t K. .i; >[»r. ),i(.li tn \t('wiii<i tlir [)r-<)l)l(Mn ini<jht l)(^ 
( < 'II % Wij<, t .1 ( I '.n )ii iiMtrix it) whhli mkkIp of opfMMlK-jn is 
MU'.iMj f('( j ,i< ),ii n s t Miip ti Ic f s V' st(MTi riM )i 1 1 r-(_'iTUMits . Such ,i 
rri.itfjH (,f)ul(i (oDMilcr- the iinpf ) r l.m ( J' (wonjiit) of the 
I""' ;ij I rcnn'f) t Im ''\('i,i|I (.ctinp ii t i i 1 1 | fcsi > u r<.T -s <is well .<s which 
fn'ptir nj ( ipf ' f,i( K »n < ' ir t c i ! i ii t fs most to tlu^ s.» 1 1 s f.ic t ior^ of any 
f >.wt ic I.J I ,i \- s V s t(Mn re ; 1 1 1 rM.MT]oii 1 . I" lie r-esul 1 s of .o jch rii) 
.t n.»l V s 1?^ V, 1 1 1 I II v.ir ut[)l V f .i vof the cost cen {vr or u ti lity 
Hppri Mch 

hp r-li<if >s the nujst iJif f i cu! 1 p coblei7i f ac(}d by I nfocina lion 
Systoms rn.i na* joiiuM^ t is prefjaiMtion and dcfonsp of budgets, 
fins t ret jtjfHi t i V ii afjpen :^ L)fH:(UJ so top fria niigeinon t sees 
I iifofiiMtion Systcins to \)(' somehow outside tlie iiojMnal man- 
,M|onit>nt t r 1 1 c. t ij CP . f . f * f ■ t -i i n I y for' coniputei' intensive' orrj/in- 
1 /.ill' no, it IS loot II \ p\ pos sihh^ to srW supjpoi't l"\'els at 
anywh(M-e near' the f^xpec:tations of I n for'riiation Systems 
iJSfM-s, This f r-ustr-ation fcoquently looves I nfot'iTiation Sys- 
te management in the precaeious position of viewing their 
usees <is the "fMiemy," Quite the opposite should be the 
Cttse . 

This pent-up demand on the par*t of tfie users should 
l^e the strongest weapon in tfie budgetary arsenal of the 
I nff)rmation Systems nia nager-. Those operations run as cost 
center's shoLiki additionally be able to harness user competi- 
tion for' priority of ser*vice as an additional selling fjoint for 
expanded Infor-mation Systems oper-rTions. 

To ensure equitable I n formation Systems budgets , it is 
pr-obably appropriate for the Information Systems rn<,Mager 
to see that computing needs are viewed in the con'^^t of 
total university operations at budget time. Being a part of 
the usual push and shove of budget making has many 
advantages, but perhaps the greatest is the latent demand 
of users which can be used to create a strong case for bet- 
ter budgetary consideration. Information Systems manage- 
ment siiould exercise some restraint in dealing with the 
issue sure to rise: Why can't we spend our money on out- 
side services, or for paper clips?". Unless the computer 
operation can bank profit (not normally recommended in 
most intra-university operations), it has no way to adjust 
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r.)-Ar[ '^!.::^I,ico civ ll-^[T1lcs twid pi, inning 
t--ri its n'jr'rrui lly Cciptuo" c Li s tornr- r"S ar'e 
f't-f"t^^f^l in fr^^'ii-d to spendifig theif Infer-- 
• ' ' 1' i' t . r i> t'\ t^r- . r..-\n s I s ton t uith tfie 
Tit p ii t li ''.'(f >f) <^i the ( Ml ; V f fsi t y , computing 
<' " X (. I, .1 1 1( ) 1 1 ' for- i.'thr'r- fJollnr's nnrj \ice. 



1 'p*'"!!:. t-r- p •\- 1 iji [1 q I n f ' • rMi) r i 1 1 u M Systems ser"; [i:.'s 
,ir.> ni.uiy and var-ied. It is Secoming 
■ • '' I T '()[r''Ti..n to purxhnse [joth sprM:ific |)ufposo so:t- 

' ii^ •■d\% ,1 r r' ^f'r^ir.f's. "Iho 'not invented her-e" svn- 
:• ■ . :i[ t.. Ii,t\f t,ill,'ii pfw\ lo the r-Onlities of 

' "" ■ '..r:;^' ' f ..or- \>^\-y !>r'st m t t W- 1 1'p packnqpS .1 fO 
"d 1j\ C'.in^.).) n les not in the m.nnfiMriiG busitiGSs. 
; 1 .1 ! pu r r >^-.e ;•,( d t w<i re is f r^equent ly con t rac ted for f roiTi 
■ ' I ' * - ' i t I ;;iis wfi irji speci.il i zo in specific serrnent s of the 
• 'n 'v.t.'rns nia r f . et fd ,j c o . Less typical is the use of 

!,('f\i':e bure/nis in iieu of in -house data 
' •■■ ■ I ■■KilPufs ni.i rufjenipn t contrMcts for tfie 0|:>eratfon 
■■ di'- ,■ II (..■•fiiff. 'dovve\'er, the national liriie shnr^ing 

'A":'' . .*di fop ft '^w-nt t.ne fd the 'dist-^st gr'owinq seqnients 
' ' i"":tp.ri ■;]]'. mm rd' i ■ t p i . ic n . I :i idift, inrtny nni 

tii'ir- til', I t' ^ p<' r I '■■f i( ■ ' ni i n l(- r ocd i v e or on line 
.. t-'T. wiW) \\\Ui' sh.iriiKj r I ft v. ' ■ r 1: s . 

d s-'ffis ; ni. rfvis 1 1 ; q I V likoiy t h ri I t It e cost conscious 
■ -r-'y^' : <!\ S\SL>Tns mar^riq*'!' v, t If look io the special ily sup- 
^ r i!-M-'i\% ar-e and s^jftware ser- vices that he lacks 
t n>*"' '<r critical mass of user^ to support. It is cur^i- 
■■'■^ ■ 's'- ■ )'>»M- tho nurnder- of ! nforai.ition Systems managers 
tii! 'dt.;r MM interactive sorvtoes to their- users on the 
I", that dw-y kifd, the har^dware or- coritrol software to 

• 'jpp -rt >fih:i^^ V st^'^fTis , M.iny such iTianagens will see tlieir 
'•*'d.'r<; i.jst ^o ri pU^th'tivi of fi^icr-os and nunis if tfie\' do not 

d -. •TTi,'^ v.ay t'-j :.atisfy the user's i n c r^ea s i ng iy voracious 

• t: :q- tor ^'ailtno systems. 

t hf (,i a I \cf 1 1 r a i,i| Ij-itcdi I n f (j raiia t i o n Systems mode of 
■\U< n was I n t rfjdtj(,er.j with the fir'st gener-ation machines 
ir^ tiv ftad 10:.)()s. To complement tliis mode of oper^ition, 
[j^r.i.h pr-. -r.essing languages such as COBOL and FORTRAN 
v..-.ra: d^^veloT'ed and well established by 196t). It rapidly 
!/• a'M'' .ipp-.ir'ent that the full potfiitial of t^^e computer 
\'. ■ I I'd becjin to kjo roah/ed un'il indivK' ' sers wpre 

t;i\tMi per'f>orjal access to the systerii with natural, or- 

A\ least mor-e i n te r-a c ti ve , prog r'ammipg l^i . By 1970 

I h r- t r* I e t V p fw*. t • 1 1 e r a n d CRT had become r'e h a b i e I/O devices 
ij sta r in a t irn*^ rdi-u'i nq inorie on most la rger systems . About 
Ml- ,,ane tini^. i r 1 1 e rac 1 1 Vf' l.inguages sucIt as JOSS, BASIC 
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an 'J API wer-e de\eioped to fdCiht.ite the mari - rTiacli i ne 

w n ^M'f 1 1 rn 

[)Ljri[i'.; thi'-. s.iiiir' tiiii" f.i'fiod, signiTicaFU advances in 
t[i.' -pf tiie coriir-'LJtfM- as a "••t'al tinie" rnonitor' and control 

(j,-.., K,,' V.'"':' ni<id^^. SiMCf tiipfi, fxcfT'^'t-'fi*"^! advances liave 
l)>-'-n rn.ido in unp rov i r4< j tlu^ oiif^ ronl wea knes s of tlie 
c 'fnpu trr its iri;.njt ':>ut;njt capabilities . Plotters, wand 
ff'-KitM-s , roiTipLi tcM" ou tput fTucr^ 'forms , digitizers, mark 
rt'-id'M--; , remote ser, sor s and even voice recogn i tion equ ip- 
rn-nt <\re on the fii.u-ket wl^ich are rehable and cost effec- 
ts, f. !Jnff.irtMMat-')y , pa rt i c u I a r'l y among the smaller 
I r,r;,r[ri,iti ai S^strins . .p ^ ■ r .t 1 1 ■ m t s , we nlill see the philosophy 
and t(^cli rih:;ijes (.-f tho l!i:;(is heing apphed to the problems 
of the UJSOs. 



Security and Disaster Planning 

Mr. I Information Systems Departments lack a specifi- 
( riliy ccsKin.it'-d, long r\inye planning function. This is 
rii'-st frfH-^unralv a 1 1 r i hi 1 1 a[ >! e to the small size of tlie Deparn- 
rn.> n t , bo t f rr^- ; i j p n 1 1 y t s the r.a sf> because ever-yone a s suiTies 
s( -iTiPone else is dui ng the planning. Wh ile we cou Id not 
o\ eremr>^^^^'^f' ^^^^ importance of socli fi designated position 
iri the or-gan'zntion , we must nevertheless recognize that 
such a position pi^obabiy does not exist. 

Infor-mation Systems software exhibits one of the 
extreme fc^rrns of teclMiological obsolescence. Most major 
software efforts require from two to six years to complete 
and tlieii' time to technological obsolescence is about the 
same, \vhile tl^is does not seem to have inhibited many 
software development projects it certainly creates severe 
problems in the planning area. Even if software develop- 
ment efforts are amortized over a five-year period (which 
may be good bookkeeping practice) we are hardly ever 
r-early to begin major system i-e-design in so short a period 
<'>i time. 

In fact, many good software projects will attempt to 
anticipate the state of the art several years hence so as to 
pr-Jong the useful (or economical) life of the project. Even 
sr), we riro rjpaling with Imndreds of thousands, if not mil- 
lions, of dollars of development effort. Tho optimum payoff 
to the u n ivers itv will not occu r if these softwa re develop- 
ments are not man^ied to the er>terprise's long range plans. 
Of^e could not empf^asize too strongly the desirability (if not 
necessity) of havirig tl^e Information Systems staff repre- 
sented at university planning sessions. 




ORGANIZING FOR COMPUTING G3 









7 A sr. 

DI3f ATCr*E:n 






CCMMUNICATICMS 

scffTWArf: 
















ir 


3 


\rrL.CA"ncN3 


\ni. fTcau:^TC[? to cc?aftccrLY 
orrfTATC A rrroctys ;/niL 




. EACH CCMrO'jCNf HAS * 

rncBApTur^ of 






1 1 











rnr: rfrosABiLH^ or a 





Figure 23 



DEc:5io:j-rjiAr.:NG 

3PACE: 



0RGA>JIZAT10rJAL 

pe:rspe:ctive: 




Figure 24 



G-1 



Ut.- !ni rin.ili-n S\stt;nis s'-iii tiic ; . f i i j i i 1 1 V to J'e-tct to 
I!;.; ■ , . i M.- 1. I t if!i.-'; i M-r.-,f,- tiir'\ ii e l.)'.-C'-'rne f r-'3zcn in T ho 
..t\ ■ "I. 'fii.-r 1 1 ;.|,in. At tiip f.»t[ifT end, tlie posi- 
ti . t I i :> 1 1 1 1. :fi . t'' t[i*^ f . ,,t i. fii t tM-pr'i se from Infor- 

t'i'it {•';! iii iM.p ]fiMi'[it Mv, .1 f»'[)»»ss (iriH (Mn[i.itl)y so 

''t tdi- I'l-inMinr; proL'loiTis \%hicf'i typiccilly is not 
■ I'! ■^'•M I . i!r, v.ith fi i sas tt' rs . "iiie definition of 

'Ji 1 .tfw lir-jM.nd'. ri v.\u> IS tnip'ictpri and iiiny I'ange f r'om a 
i '(.1.1, [)-• .1 lii- .ii^a dnv's to the U'>{,i\ rJesti'Uc- 

t-'-'i tfi" ,i f iv. ,! • ' I •> V Sy f i uv [.ithej- fMid of tfu^ 

-isistr-r s'r-x.H, t r I JiTi (..irnes v.itli it tfio fiotfMitidl of di'iving 
tilt ' ij fi I V p f s 1 1 V ' H J t of s I fios s , or- Ion s t c r-eat i ncj an 

■'^ o i '-M : ,iMr- d I I Mi: ,1 1 lo n in its sciiodolod opcr\itions. 

'''^'■t 'Uid f,>,irc'-^| ; > i ,) n [1 1 r^i 9 responses to disaster'^ is 
■h»- i^-i ■ p 1 i t It .1) tli.it r.itrjl ;.if-oblems do not require cata- 
.i.i.'piit' !••■'> "t iKir-dwnre. Tiie probability of serious loss 
tjV dr; .it I s t i«'d pi* i S( »r i f [jetit upon revenge, pooi' physical 
■•' ' 'jnt\. .loii iiiipri -p"fl-^ MJpf>r\iS(Mi and fDlanned systems or 
'•■p* 'Mil' us ( ii.iiMjo:. IS niijfdi InipitT. Consequently, disaster 
plannin<j slwnjhi nttefnpt to .issess not only the magnitude of 
the loss f.Mid the cost of cofiserpjont recovery J but the 
r> r<-..^),iL)i 1 1 1 y til at sLich a loss might occtjr. One of ti^e iro- 
nies f.»f our- [ ) I'lif PS s ti^n IS tiu^ Infor'mation Systems operation 
tli,)t b.-irks ij;.> its ci'itical files in at least three impregnable 
Vaults or- o.r, r^s and has backup pr'o visions to use any one 
^'i t lu'ee '.'thor- i n s t<f I hi t ion ' s liarcivvar-e in the event of a 
r.at .r\ t r-i -plie vdiile aliowirnj unknown visitor's to roain the 
u).i< hine ffj.ini ,uid mip I ernen 1 1 119 no software secur'ity levels 
'ui .1 sv";t"fn which can L)p accessed by anyone wl^o happens 
t--) ha\ ■■ I' c^.^ss to th(^ public phone system. 

V. t' shouh'l also recor;ni7o that exposui'e may be equally 
as t.tt.il ,js rinst r"urt ion . Sor. ur'ity and privacy a r'e concer^ns 
th.d rj, ) [1 ,1 i)(i in hand . It is still con s iderabjy ea sier to 
rici.ess sfMisitive i n for'nia t K^ri in s'^jfiie user's ti'ash can than it 
IS t'"j tr^p tiio data links or 'tr'ojan horse" youi' way into the 
coniputer' sy stern. 



Development vs. Maintenance 

One of the riKjst frequently l^eard complaints of Infor- 
m, it Kin S"st<^Mns Departments is that they can not get any- 
thinq <i<)iir [)*v".rujse they are always "fighting fir'es." One 
f.ouhj observe that tfie fir'es probcjbly repr'esent the work of 
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r;;i I'. .n .1 ■., I - mm . l h>; - rU" 1 111. ■ r 1 1 1 1 sf -If , 
' ■ n\',^rr'.r t fio tir*> f,,,!,tinn" syn - 
•■■I'] t - :tr-T, .ii.ott.-i !-;\ 'tflo I rifor-m.}- 

■ ■ ' ' i i t f 1 ! • I) r - f ,1 [ kJ I n f' . rnir} t icti 
i ' M,< .m! |i,.,t .,Mv rli,i[i'j,- he 

■ ■ ; Ml 1 1 , M- ( ' .ij r ., 1 1, r 1 .1 i rt\ \ h >pp , ,f 
' ■ ' t lifj .r i tfi' ; . I !••' j ij.ilc systPtn 
''''' j'M'lil'Mri !mm riij-.t.' tilt' [r:,rr'<:, riPf^ds 

■ I ' *^ I' f.i t llPf t lui ri ( K IMillu. . I : n I'fMl I s 

■rr, ' ij t p r- r;; >o ci 1 1 < ) n , f roin (i,it/i r- nt r~y to 
i ■ ■ f * t f 1 p f ■o(. ( ' s s H in V s L,- r V i r) t h e 
■'t:"fi r-fit!-il)iit.-s to til.:' rjfob- 



; ' ■ 1 ! . tj t' ■ ,u\ I f 1 f M 1 1 tn rf.'g j-f's s , 
ti ;:Mini; fir,- v..' rio nr-t Iihvc tnno to 
■ ' I i^' f '"^ t 1 ' ! ' ii M' ; , V,'. ii I.'.kJs lo rTior-(? fir-ps, 

f " ' ' ''I . r I <uj s'^iHii . All organisation 

into, i.r r5lrr-H(i>' ilrM-'ply niir-od in, 
; MCI • irnr h.is .i i-TMj [ffiTi pfojnci if it 15^ 

' h • • r I f I • ; ii 1 1 n ' ; ' s y n f J r-nrrif^ r..^ n f )o pj r'n - 

■ ' |.,,r-. Kv,,r-' [■.•:.■ . t i f 1 < j 1 1 f vi 

" ' I ; >' ; I Ml If's . Mj' f- IfM) at I <.j u iiox pnctnd 
'iiif'"' ihf^ \\>^r\: |.-,,uj; c:o n fc; ion from 

1^. !i.u inst.il;ilitie5^; ^rid just plain 



' ' 'y • ■ ^ ■ ■ 'i' i ! , ''iK^ ■^t tlu/ pr-iricipal roa bons for^ "fir'e 
' d.'\ f'i' .pfiir-n t r,f ystfMii^ tliat ar^c intontion- 

' - ':•*■'■ p 1^ ■( ! l)r> I jp,'- r-\ ( s^vj and tm.j n by coinputGr pro- 

■■■ ■ 'n.ti'-. f lu' u'-.TM- I Jf'partrTUMit intPr-faco with tfic systeni 
• 1 1' .r^,tM\ hrnite^d t-", a formatted sheet for hand fMitor^cd 
d.iSi ,irifi ;<.rTi.- r,on f j I onuM^T t e output sheet tfiat yields 
f ■ r'i\ abh-^ st-itus of tlie system. Tfiis design 
!■ .-. : rr-<pj'^ntly f'ir,te red [;>y the "let us do it for 

■ intij.ie an atliturie wit I'', ^nmo r\jti')nah- in tfio lOoOs 

I '1' n-inati«ai Sv'Ueins was tryinrj [<> prove itself, biit 
t ■'•lii, ni,-v;;h(.a[>lf' rr.r- th'" 

> r,'- tliese and many otlier reasons, tlie computer open- 
ri'p-.n becomes totalK immersed in maintenenco (and opera- 
t:^?'^ vMti) Its n^cid.-nt run books, etc.) to the almost total 

'"■■"'f' d-v^lr.prnefit . Such obsolete, f^atched-up sys- 

'•^"'■^ '-v »-nt n-tll V bfferj a s-nrje fnf^ntahty on tbe part of tfie 
' ? ' ' '"'I'a tr -r; Systems staff. One rion- solution f'*equently 

.1 1 (M-erJ IS tfiat we v. 1 1 1 unrinrtake no new development 
'J'i^'' N-t our- (urrfM)t shr.p in good order." Referring to 
'■•'n Sm- J'Mpc.,,! ar,-il'H';v, .1 system wfiidi is not discarding its 
'*nd rn-ilf rjTK t uan fK) ceils and concomitantly generating 
nf^^\. f!exi:j|(> replacements, will soon perisli. 
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'.■■■■r\\ I f 1 1 rl ,if --^ v,it,!i tix'ir c i j ^ t , ,fji,M- s \\\],{\ mto,- 

' ' ■■ ■ • ^ 1 . t I \ 1 1 ■.; ij ,) I i \ ••■ ■■" I . f'''"r' ti II c; t(.> usp r c* nn - 

-r.'! i'-m; liMU- .,;,rri iiiw^s <»( 

' ■f;rM<i!i I 1*1 li I lie ,ir-(;ii[,|,.f,! , ,,fi ;,,i{.-t\ li,- in.jrio. Ill the 

'Li'-' t '"i-iri . !'i,,t til,' , . 'itrr (,fM^.■,,tlofl f-\ists f'hly to 
''''i'- M , :hr r.".t ^,1 tl,.- r' ],i n i /,it i< >n , 

!->'t ii'T- tli.wi t -■! 1 1 [, - , . .t (i. - 1 - !.■; Mct iMiMi t III t [u- r, j,i n i / ,» t Kjn 
v- ' ; 1 1 t h "V 1 1' ■! ; I ! i M' < i: ii 1 1' ; h v (-> 'iii; ' u It' r- , I iifor'tii.j t hjn 

-'ins rt;ii'M it s } v i u i J h-' ( u c.i 1 1 1 1 tlirrii in tlif^ rafti- 

:'iiiti'-, 'it III' >i i' ■ r- r : ('-mfMltfT sv^lfnis. 

f i I . t >1 i. ,t,.ins (■■■;> ,i r 1 1: i. ■ n t ^ilt^ui(i .i 

' "f '■■■r- . I' f, ; ii; iM -n M-n t [jp ; ,it .i "I , \vfiu:ii 

"■"!'> t[^>'- t.'He .irul t.'ii-f t.w (!»'\'r!. »fMM"nt with tlir InfoVirja- 
■'■■11 S V s t'--:Tis [ 'ppri ft rTi'-Ti t . [ (liJCi t I'-'M dii J cci suiting 5^hoiilrJ 
'hf h,i! hi!,, !-l-.s <,f this sf"Np. f'fM-h.ir^s tlie host model we 
t:'i'l v«,.H;h.i [)»» the tiiiif shjriMr; compa n I e?; . ln-[iou?ie 
'I' ' ■ ■ ■ !i]i,t'*(.i ..fi a cviJic; sr.hodule, sfTould provide 
'^t 'h" Ml f f(,t [\ e nir-ans uf ':)f'>n n i ncj comtTUJ n i en I ion 

' n,i;Mi.''. ,ii fi ■,'-rni n.n-'. sfujuhi 1 ) e shoft. n n hour or two 
•t d.i\ ;."rh <'i\ i4feM-(i,iy tor a wnr^k. Tho topic 

: .ii i'i'-'.t it'.t'lt iiMrri.\it-it<'ly in terms of t lie 
> tit us 'i'fl-. Hie t-irtjet > lep<i r t trie i , t s . I he c.lioice of 

' ' 1 t ri It t -r-s IS rritit,,' -irei -Ju'iiif! tK^t necessarily fall to the 
per^'at rn.v-;t ^ n ■ >;•, h ■ ( } ( j < 1 ) [ in tiio particular- topic. T[ie 
i i-iss r' - >ni .h'.ail'J \ir- f;arefully chf,sen witli an eye for 
1 ' "f'n.i h t \ s.' as to i roi j rai j o or^^'n f Jiscussion and fr'.ink 
' ; U t'-.. t i-'f) i[, .i frier idly a 1 1 ii'.' s f ; f i o re . 

1 h'' I ^'M- S*'r\ K 'V- r.)t\ ision sfioufd also rnamtain a con- 
''It ire J '>tathai (and pheme rujfnhr'r) wliero knowlorjgcnbie 
fiif'ini .prs >ii the I n f ' a'nia t tori Systen?^ [)ppa rtmerit socnd their 
tul' tiiruv pfT'p.M'^vi [n ,ins\ver- questions, provide consulta- 
■-i'>ri f'H s\sto[Ti pr-.-.l; I PHIS e K peracncod , anri generally 
^.i-'iTvore:-. t rate tfie Depa r- 1 inn n t ' s desir'e to be as helpful as 
possi[)le t'"' Its cust'^'rner-s . Ar^airi, tfe'^ uiust k r 'O wiedgea b| e 
P*'' 'r re'eessarily the best consultants tact and 

f 'liftcsy iriay i)n e\ f?n rii'-re iirifior'tant than raw knowledge. 
A < j< h;, J (;< ,f 1 su I ta n t or- ccjn s i J 1 1 1 n cj g i-oijp will f frequently iden- 
tify f>r-' '!)lorTis bf^for-f^ they becoriie dis^isters. Tliey should 
be in an excellent position to suggest modifications to the 
oper. itinq system or- procedure libr'aries based on their con- 
1 1 n ! 1 1 ii q ( on t ac t with user- p rn[) I eiTis . 

S urTuna r'y i n f ( > r'm-i t e ai s yst em per-forniarjce ougfi t to 

\>n niacie a^ailal^le to users as well as top management. Tfiis 
might take tfie t'-or'm of a well conceived <"innual report or 
some s imp'e inoti t fi I y or bimon t ii ly n ews lette r . In eit fner 
case . riews s t 'jrar's " or- successful applications in ay do a lot 
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, ; 1 1- 1- I n t ' ' r'-'s t in i . m j 1 1 f ) < ; i [ i 1 1 p > ; (> t i.ir I , ( ' ^ r t M*r s of t li <■ 
I " I ; t ' I . '!i ♦ ii M ^ h . 1 \ ! I V ■! t ! 1 1 1 ■ ; u ; > i n f " fin<i I km i s y ■"• t 'mm 

- ■ I . ; ■ I ' I • ■ : I f. ' , 



(" 1 ij .jI K'H afi'! Auf.iit 

It I', ;(iti(.il til, it \\),' \ \\\ < ,r\\\.\\i"\\ S\stf'iir; [ )f>(:>n r t inon t 
j '.1 rt n 1 f -.1 1 ' ' in tin' |Wi,(t>K:, < ■ \ .i 1 1 1 1 1 1 1 1 ■ ! its [ xM'f cj t'rn.") n ce , 

-• .'•[( tip't f ' in tlr.''w^ '".!tu,!tn:uis whrrt' t'*;. in.) n cKjnirUMU will 
\,.-\ ./r .!.,(>:, rint t-M'l (.niUj^n.-tnf » t to. An Mijistde ov<Hu<Uion 
\}khj|.| f . .rujintMt ! ,it IfMst once rvfry ttire(> ye/U'S and 

fi..!-' ..?i'>ii i'M-ni'; ;M.f|,,d', 'if r> iv. .1 If i j ; m ; ctt J f s <m' exlon- 
■iv-' , .ttv. .iT" ' !■•■ V .'I- '[ MM' ■[! t -'f f ■ .|-t-". I liP i)ijf:; idr* C'\ n I n n t ion 
t m 'Mie L'f tim iiMSt potent wn^ifjons the i n I (j rin.t t fon sys- 
t'MHS [p-i n .J- r- (,<jn \%io|(l t>t biiricjot tuiio t'^s well as helping 
. M I •. I ■ iiM .1 1 )l >, in iniprtAirn) u n rl tM's t dnd t rKj on the pnr't of top 
111 1 ( I . ( i ;fni' > o t - 1 ri< 1 in,) )< ■ r- i J s o r- f I of.),i r t iiK * ri t s . 

.\ti ,1 ; . r . ; ) r t ,1 1 f t ,i h I <) t <:) {' r^r e\' 1 1 h J d I i cM i toorii could bo 
•-,*•).>( t.'.; *r.MM ,1 h,t ; i fox. K ifM j !)y tiic I nfof'in.aiun Sysloriis 
I i.>; -.1 : t iM. t i n . i r i . r ' ) < mti'' n, t . f> \' r.i ! of tlio !";ig right 

■ I ) n * I ; ■ ; t . : 'n-. <■ d i . i m r-, th.it do this ■ mi a rf-g n l,j r 

.1 , .ind Mi.'f' .ic" ,in\' inin)i>f'r < >\ cori s u i ta n t^ or" fir-ins 
\\ I ,ni d' ■ ,iri ' I d t .1 nd I f I' ; rS>. M i.ninpetitive pM-Gssur-es 
;..'r:;itt, Mif : -it. .rt!i,it ton Mi.jrnjf ^or'S of u n i VGr'5 1 1 i GS of 

t h'> s riint ■ ^ ;o [ 1 iM I ( li M rar t f ' fis t M , v; ho a r"OS pon s i bl g for 
MfMihif .ih' ■ i; lo Tr! t wMi s r - )n s tt t li tf' nri cxr.nllent source, TliG 
;.r,t ,1 r- '.ra a I ,i! I ly r i n n p r -d u; n s t V o outsirJe cvahjalion is 

[M-d.".t. vdwri f,. ,fap<i [('d t'"' !)rM)'>fits it will hkriy produce. 

I ho nudit rdi ■ ( '-v, K'w univfTsity goals, pGrfornianco 
■-.t.ii I da rd s ancj sys: i,, ,Hici ufMMM 1 1 On a 1 procodurGS, ThG 
.,ti< i I * . ifs d) >iild !)0 oruou raged to identify opGrational 
V. t r-f'M - ;t fi s a s w - d I -is w r'n k nesses . Such can Gva f ua tion 
s[v,':i!d a!s^.■. •'..■Mit-orD its'df with budget, rer>ording structure 
.ifid >.tiier tnariag-anord coru^fMTis. V;e ,ire always ama7Gd at 
[low the outsider s^'crns .dde tr. (:cit(di the attention of the 
l)i,s'-. .jiui fjft fiini involved in a prfjhleni which wg Iuivg boGn 
tf'Mun; hirn -dirajt tor' year's. A good audit will genGrally 
1 n v^s tiga te secu ra ty a od L)ac k u;j p r'ovi s ion s , compGn sation 
levels and staff and user- satisfaction. While one nGVGP 
r ^ pfvds [o escaTK-' Unscathed f rom this kind of searching 
iM.|ui I'v , a woi! rn,ui.)g(Hj op^M'-diori will bG perceived as just 
t tirit and it may [)f^ a plus to identify areas that need 
nio>re nia n agerruMd a 1 1 en t i'")r^ . 

As well as fMi cou r-ag i n g external review of 1 nfor-mation 
S V s t oms opfMMt K >n s a s i ro n c] ease can be madG for continu- 
ing internal o v^' n ; 1 1 1 . I ; n 1 1 k x teciial audit , this f u n ction 
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OKC.ANI/ING f"Of< COMPUTING 



" 't f'Tf ■ 'I'Hi.wirr r>'\\"\\. f,,([|.-r f',|i(.y r,'\i,>\\, Sijf.fi 

'f'^ M'-'r ; i ],'n ( I \,' rjlU-tj '.tf-ciin; tj irniiiittfcs . 
'U'-'<-->r ii .1 1 I fi' ; t;i.- ^i.t.il .> I , i [ 1 1 1 h rit- mi t f.rJuM- lfi.-in [km'- 

f-.' :•• 1' Jn.i^ I : r,|. 

' \) ,1 , -.(Miiiitt.-. \"- 1 .'L.tn. "ly mii,iM. i x to 

; ; (iwiii: ."f, , .in> ! 1 ii.M r.M | ! * h,' ; mi tn wh- .iti t hr- 
i ' 'rn-i ! r .11 . h 'in, m.n i.ii i< t i ( >mi t . It'; nuMii} >fM-'.-. Ii i [ ) 

■1 "Jl'i 'ir.tv^n t i MiTi (11,1 ;i'[ii*'f 1 1 (.ii tlif s.uut' cif hifjiicr 

'I', ill*' ^ M t> ; ni.it i> -II !->y^t.Miis M,ii).nifM-. Its f rn ; |J,^ n (. \' ot 
i!!-; \mII 'I',. iihjhly f..>rr-f'i.n.'d with tlu- lev*'! ')f new 

' I" , ' 'i 'iD'-i 1 1 s 1(1 "if ( .-.rii; »ij t f.r- f.t t loji . T lip c li rn |-fn.i n 

' : ■ ' ■ Ml- . . M;:niM<',. , ,j.-;«..Mui t'- the 

•I ^ • ! 1, ; "r (,,,! !.. . ,.|, !.,,( iMtlirc , <M,(,f'rTr; itsrif v.ith 

' r.Mxj" ;'LmriiMi;. t r <i 1 1 ■ ' ; \- -tnd prM-f(.)rfTi,iiu,f' s t .) r i < l.i r ( 1 r. . 

Ml'' ;p.t!i,w-;('f of tin' I (if .wdiMt I'ln SystfMiis trim ii t sh<:M.iUJ 

Ii ^;i' Nj' much .is fn.in\ lKP<ir-<is of diroclors .u-e iJ^;fHj 

' ' I f'M'. t'.f tutuft' cXfMnsiori. t^i rit^hnrate pi'iofilies 
■liiM r' ?.):i!'.h tiit^ ;>fM-f ' Tin.mct.' st/uid,if-(Js r-x fx^c.ted of llir? 
' .(!ip I J f . • r- ; 1 ,1 ! I ■ ; I , 

>Mi fi ,1 < < .iii;ti I ! t '•(• (.in !ic(()iru» ;i str-"ti(] fofc-.o in fjpofnnq 

■ ■■■■J I. .o I 'f > ■ h i;, ru'i , , : .-I li \<> \\\" u 'wv c idKinin 1 1 y .inM to 

'-i-'iMfd t '.'f top riMii .1 ■ |. '[ih- n t . ( M (, tj s s Ion s in tins crjiii- 
f"it'.".> iihl !>oth [)(■ M(J"n tlif !nf'M-!iMtion SystfMiis Manan- 

■ '(■ s [ )fM r>f > t h tn of tlif' wIioIp urnarn/ation , as well as 
■■I'l^'if if-nit l y iinpf'-ao otlifM' iiuHiat jf.M's' p)Ofxep lions of tfie 
'iiiP' ''"t .1 IK .1 ri! i [-.on t fi t jii t ion of I n for-iria tion Systorns to the 
^'t-if SuMii.*'--, s iMi t rM-;.) r'l sr* . Iht; commit tec could consider- 

1> ittMiu". .■!■'> tht' imp.ic.t of (1 now telepr-ncossmg .systLMn 
'ts ;>"t('ntirtl for- nrMjntivn niip.u:! on exist nig systems and 
' "old [HM.,jrn.-> << st|-onq \fMf,e fr)r- tfie nocL'SSity of har-dv..iro 
'ip'.P"'»dos t'"' lUoid dfMj r-adat ion of cur-r-ent systems. ' ne 
( ' iiTH-Kit^'f- (<Hjlf! help fi'-dine pfM-forriiancc standar'ds (aV": Mje 
'■'!- fT^trnrnal <ic(.op t , il > I e r'"Sp-n'>r^ times, etc ) and become a 
stcor^(j lobS\ist with top fn.indfp'-cu'Mt for- b n dcjeta f-v changes 
t'") ii^'Mp ,if:fn'-\e thosp st-n"i^i,i r-ris . 



K^-nnrth Kr.lrMice, de vf'l''>r>fM- of tfie PRE and CUE soft- 
war- e morn t(.>r-s , hns c hru-.ic te r-i /ed the field of computer- per- 
toi-marire mea s n r-'^men t as "a set of numbers in desper'ate 
'.e,u-ch <"jf unifying p f-i n ci p les . " ^ ^ Wc find ourselves not only 
f on t . .u n d.'f J by [iww to moasur-e but rdso, u nfor'tu nately , 
^vh'd to m*Msur-(v [. ven (jivfMi some intuitive sense of what 



' Kenneth Kol e r ice . " Sof t wa re Pliystcs and Computer 
P»M-f oriTi.i nco Meas u r-eriuMi t , " f 'rocccrJings of the y^CM 25th 
\atonal Conference , August 1072. 
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niM , AN I .' 1' .( . I ( )l{ ( ( )MiM J I I NC, 



r.v. t!, 



' ' : . I ! /. ,i; ( ■ -If', .ii.'ut , . t 1 ii- , V t.'iM . ! .lit ex t'Mi(!:. [<> the 

: I • ) . [ I . . • ■ . f : I ' ; ■ 1 1 1 ■ ■ I ■ ■ ■ ; > • ■ t . 1 1 ■ i ■ . ; ' i • - ■ ■ ; r , i n t n i < ■ r s . 1 1 1 * i y ■ 

i', il , •, 111" I ;i l;'f I t I. - d ' M .ill t Ik .Mi; M i{M'M t s iliaLcs 
(• • ;•) ; t I i I; , .iitti.iili .!-■(!, if h..;-. I.i ^'\,!hi.itr the [H^ffiir 
ri't:; ,f :Mi 1 ' in; M ,|i,>nt . Is f i; ><> r, 1 1 < ji' iiii s li .t n t ! 1 1 n ( j 

'!'," I ' j'-T I r III I.; \\hi(,h IS in turn -i diffct [;r*0(juf. t of 
\ '> t • ■id CfM'jnV V, i i.i t f :n n 1 1 1 i j t f s (jcjofi (..u<'iiMf), 
!!!'■•■, it ..ii-> j>.T ■:tv. t,)', t f V < -i 11 1 1( )n , ';f>,irin<-) usp of strjr- 
i ; ■ ••' il it .1^ ,ill ,nc .ift\ > )\ t i i ( > s f • re- 1 ,1 1 '"t ! to 

'>*»»' M 1- 1 ! 1 ,1 1 t h . ' f's t .1 ! 1 1 1 s 1 wiit'ii 1 of c CI t o r'l t'l will iin; ) 1 1 - 
'''<\ I to-' tlw ■ ( f,il('. ,!()'! f)(Mls lit our f >(M-S':'n ri rj| . If we 
(:'"'■.'• [''-i-iM'' it MI'S 'if ; u'f K ! ucr [m.m' weok, vvc will 

II t [,(. I ; •■; ■ r I "J li< M'f> lh.it t h output cif our fog rtiniiTio rs 
I oi tiori. I iiiic> '.f r.o.ir ;,,.[■ wpok) l^r-rjins to increase. At 
^ M t ' •. . HI). ■ ' I rr'. ' >M ■ 1 1 i r H it : M' 1 1 r; ) r r s cd to s ne our r'u n t irne 
.11- ! : ! v. 1' Ml Mi,!''0.i:i( f ; i !•< ) I om hncjin tn rricroa'^o com ■ 
I',-:, \''-'-\ ' ■ .iii.; iii.iii- ■.iiiiil.u' ,u 1 rt 1( K ; u's in the luriJ- 
i.t ■. ■.tt'iii (i.ntri)l 't t -.1 rp ^r. [torts of thc' cornpLitfM' 
ii;m-!mM 'fi -vl! tho. M 1' )■ jrs t s th.it vvc sfioulrJ oxercise more 
t h , i f , -I h M I . ' f . I c ■ in (Mri I- u I ' ; 1 1 o' ! ! c c.i ocrj 1 0fi on mea s n re - 
tiKOtt (rit'Oi.i fifOi! to ,i\'<^\c\ rTi,M<-, u ri nr) "things" becnuse 

ih--y ''.w; t') in'Msurf.' osr-ry hut as much ns wo nond to 

.i\i'tti .'!n( r^i •, 1 o J i- ; 1 1 '.; thiJi'is" hocauso they cU'G cjifficult to 
it: • ' . i ■. 1 1 t f ' 

VJiilf nt< M s ij roMfMi t m<tv in itself hm a science, tfie use 
v'.hiih \\ o ifi'rMiii ti) put the riici s i j remen ts is hardly so 
■ : '] ''t.N \ f , ln\,fM,iJ>ly, v.c' wil! engage in niany subjective 
o\.:!o'iP fi . .,>f \s ortli. or what the economist would call util- 
i*\ . I'Mt'^riu n^'.-d t'l IjO t at;! i s hod in a framework of 
•,:-:ri,-tii :r) wo v, t .j r>pti[Tii/o rtnd this infers subjective 

'..ill}.' 1 1;0' ;f -iiKMi t s VSo f.' ai t n I ur )i] s ly uf^ed in f]if fej-entiate 
!i''tv. "Mt diHUtj tht' tiuiuj right'" and "doing the fig fit 
tfiin-i. ■■ 

M ■ hirgiT computer systerrjs fiave some interface to 
tfto iting sv'^.tom to permit capture of data at the dis- 

;i,i^', (on,; h'vfl i,f tho svstom. IBM's SMF is typical of what 
IS pr''. . ]"(! by Iho v^ouJor. In gennral, these interfaces 
pr\A!>i" Ji.-.^ oap.ibiiity to access tMw counts of basic soft- 
wan^ .p'- 1 .) t ion s , but pro\'ide little or no analysis. Since 
t\)f h.o(iv. art- it'a-lf is normally not monitored, conclusions 
ab..ii! tho bt'hri\ iiu of tfie h,jrfiware need to be drawn infer- 
" n 1 1 -1 1 i V' . 

^o 
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..■■iMin.'i I,, (,.nM „ ; m • r f ^ . rni, . r , , . 
■' • ''^''"^ ''^'f"; J"tt iMM<;nif I. ,,Mt f -M- ,, 

' ■■■il.'.t.tntiMl si/,> ,ui<! ,.<,mf,|,.x,ty 

* ' •"• " • 't-fn, ! (ns ( MJ.;<,<'sts 

J'" 'I'l.- II,, In. M (,,,,1 s,,,., if K .illy 

.m.il . /if,-; ,,fMl .!r.tr,!,,,t,(M) [uTtMr 
' ' ■ ' ' " • f I f > . 1 1 y f , I M t • ' rt ,1 1 I n< ) 
itii,.; ..^ the, (|r,Hj[. innjlit I ; i r . , i 1 1 >y ! /f « 

" ^' .('MM'. ;.r,,.,f,nn„uT.. v.Iim h,,vr m • ; . m> m 1 ) 1 1 

^ ''"■iv.if" ..N.! th...-. M,,,t h..;. tr.Kl ,.t 

■ •"■ ■ ;>.i: !m Nl.if ■,tf-.'n.;tli'; .lufj 

^ "^'"^ "-'M'l'; [.<M-SMMn,'l .,,ul (lu.Mr ni.irwi., 

"■'^"^■■•liv thtnl t.'ffns s.>ftw,ir,> ,nornt<.rs 

^ '"-■■"^ ...■riuMiMiM ,iti ,M .i,a,, ,kj uptworks, wn 

' '"' • ' f"' 'f*- 'J • 'f t h.- Iku , ; A,,fr in, .rntr,,- . 

^ ' ■ ' ■ "■■ * I ' t' ' Ji- I J I ! : h,, I r,. , .1 , i f jl >\ i ■ 
vmM im OKI ID in r,-sfjr,MS(' tirTio 

"■'■•^f"^ -iPfii. .itn^ns, v,.-ll cj.>f,i,n,l .,nrj niiiiuTiuni 
^"""■^ *^''t^'f< .if'i'li(..iti..[,s, niinimuni cost f..r 

-H..rt MK.I, ..ccMints rf.r.rn.,il)|n, invoices, rtc. 

^i-''-^''-^'"-'^ si.|(> wp inislu iftfJu.lf> ,1 rninifntifn total 
'^'''^'"''nn Irrujtfi fwr a siiK-lo ,l.,,vn tirno. an 

llMMt . Tl !,IJSV, c MiM.lls , ('tf, , 



1 1 , , J 



\;^^'V"n(> \Mth a finddinrj ac a i n t a f i co of 
■'"•"•/ rnujlit well rrprnsent "^uarant^ ^s" to 
•"rnufiitv v.fiirj) ar-n supported by dist fi!)utod 
'^t'^tistif . MO sonu^ rp,;;ular l)asi.. Many, if not all 
evphf.it ,.>r- inipln-.it in tlio dnsirjn of the var- 
y-"'^'^^^'" '"^ ntiMin-. Snr;h stafirKu'ds slnajld riot i^n 

' '"d r.ithcr a!> iniorfnurn af;ooptablf» pordon- 

"'-^ ■ ^^'^ ^"^t "x,oect any applause for bett.-nnq 
^-^'Jt be sure that a failune to ino^-t them will focus a 
'^'n,,.unt of unfrinndly cnticisin on vou . RerTieinbof that 
■'e r.omp.ments, each with a OOV. probabdity of being 
'"'iMired f.H- the Mjcoessfiil completion of a 

'^^^ '^-^^ than a (.9x.jx.O) cfK.nco of 

1 1 r 1 ; t f 1 t a s k . 

iw-n s..ft)P rf^avaiH[)h^ set of aracr-o standards one c^n 
^'"-iJ"' '^f more specific, rnternai goals 
^''""J''' f>ostulatod as cjoais or standards 
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,11 ;,.M,.' ,-,,n-il\ th^'if 1 1 1 1 . ' ck. t mn willi otluM' 

.M.t^ V,,' nil. ill t iM. iii'lf' .'xc-.o-.-, l^ I (J t>rror-s on tapf' ^'f^<"-5 
. t ;fi..'. M .M i-iT^.C', -II U-.MisrTDS'.ion lines, .win/ 
,,,.1 , t "f t ••M'lK , < !.'' ]iM. !m. ! j )fi II tf r f )r r-fofiTiancc . etc: . 

t,, .1 ,,().! [.l-'ll - iMl .lluMnis, KJ* . 1 I I << C. , 1 t I O fl .Jt^lciyS, 

, , :. I . . r t t< 'vv .11 1 1 \ 1 1 > , f'tc. , 

tlH"..-« mn.!T. ni.'.isu r-(.MiKMits wiM be f^s labi i s lu'd to 

, KitMr in.iti-n I't" pfrt'.Tin.inro imp r'ovefnon t whicii ron- 

.... [iii't'tirMj the ni.icr-o f u' ff ( » rin.i nre r.t.nuJcU-rls . Wo 

, , , i ' il ( !■ 't .it" t I of inimmi/inrj 

tlii-i'; •■,!]. .Ii ,1!. ,irni i.>Mit"nti''ti i.n tln^ rjisk Hrivor. to tfio 
1,.^,.! ut a per-tMfnMfico stciiKi.u-d. It rs , .iftof dll, a problem 
in Mib . ptuTii/ation tli.U h.is a rnthcr unclear mipact on tfie 
.!,,,! ,>;.tiiMi/.iti"n pr-obbMTi. We need to see tlie total sys- 
,t t\%,i re, and ppopjp in itujcIi the same 



t r 



\ . -in n V' !vv •! I 
term, hi 



fi ';,sstpm, i.e., only as strong as its weakest 



h.indh-.: !>. unit 



liM'] Ml thf )(^b sfv:>p iTi<v]n is prolialjly best 

i,.,i r|M., ,,ri []](' usr-r s \ unv of tiie output. 

^ s v,ritt./Mi, iru"i(>>s printf'H, huitjer items posted, etc. 
It ^,1' h 't ch'irtimr; nu- 1 hocjnlo( ; y we r'e r'rgorously adhered to 
vs'p sui-imse that iii'jch of the rnternectne warfare between 
tfu- I nt<>rmath->n Systems Department and its customers could 
I,,. ^,v, oifiiMi . 1 1 n^^pds to bo clear- to botli parties in an 
cnnt im: ' lu-.t whnt the conditions of the contract 
_,r-P. ]\u^ i nf' !''n Systems Department cannot guarantee 
,\[- I,,. ti,.id r-psp bh^ for the accuracy of output reports. 
\ \^^.^ ,,,}n, and '..fi ■uh'J be, field responsible for the accurate 
,,[.,;! iimotv prnf.essing of data. Late submissions cannot be 
pxp--c-,ted t'^ be corrected by the Information Systems 
Deoar-tment, Poor management practices in user c\^,psrt- 
[TKMits cann'.t be corrected by good (even oxcellent) man- 
ar;PrT)ent of the Information Systems Department any more 
Itwm \\\o revf'rse. The rJismal history of tlio data process- 
ui-; )o[) sh.ip le.ives us wr^ndf^ring if it is a mode of opera- 
tK>ft that wiil ever work smootiily m any but the smallest of 
compute centers. 
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Man's mind stretched bv a new 
idea never goes back to its 
or-iginal dimensions," 



Oliver Wendell Holmes 




The Data Base Approach 

[ J n t n b a s o concepts ar^ e r p 1 a 1 1 v e I y new. They w e i' e 
first introciuced in the l^to sixties. It was not until the 
inio - sevfMUies thnt datn bases started being widely used. 
Today hardly anybody would consider the development of a 
nianagement inf orm-='tion system without the use of the data 
b.ise approach. Since information systems so heavily 
<-'o;.fMid ijf>on the ci.ita base appr-oach we will begin by 
df'fining :\i-:vo updamental concepts about data and data 
bases. ^ fiii> tnfor-mation is presented primarily as back- 
ground for tho discussion toward the end of this chapter. 

A data base is nothing more than a collection of data 
thot caf} be accessed by a Set of computer programs. This 
IS a very basic defir^.ition of a data base which we will 
refine sonewhat later in this chapter. The smallest identi- 
fiable unit of data is called doto Item. A data item is also 
called a field or a data element however the term data item 
IS the one tfiat is bee •^^nnng moi-e widely accepted. A data 
item might be an employee name or student gr-ade. Gener- 
ally data items are grouped together to form a record. It 
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1 1 ! , rii! M • I , ■, t i|i !''h t iMiiM' , ( M(j r miinl MM' , (,< )U rst- <. r('< ! 1 1 1 
t(» \'>vn\ ,1 ftM'ii'i! tf) 1m' usrcl in the (jr.icle fopor-tiric] 

., ^ , t ,.(11 A 1 1. Ill KM I . ) M) ; > oj ( I,! t .J 1 1 «'nr. v,i Mil 1 1 the t'ccjjrc ' i s 
,i '.I'ijfnr'fit In lh(> ■!hM\ ('\ ' (11, ly wish to 

> j,.h fi'' I , .11 1 St' I) iiiulnM- , roil r f r-tM i I ' ■ ■ !o to i-<->nM'.-.t 

,,t- .1 ■o'<;(inMlt (.illtMl MMjllHMlt 'il. ' MMflc Sf^'J" 

fn.'ht IS ,i i.,n-t tlu' •■. tuth-nt r'(M."i : ' h.' inituMi of .} 

i-.M ,iiiJ ,\ stM)iiuMit wih L'e uscfj h>i<- ; . >|>l.!ifi the fl.U,^ 

in. M ji'l .UK i SI J 1 Mm M it'l , 

[/.a.! !j,»si' ni.if oMjrnuMi t is .\ systornntic ci [:>[") fOcJch to 
^ t . .i II 1 s . o; X 1.1 1 1 iM ; ,n uj r '-l r i o\ n o| i l.il.i f.on t,i nicd i n dnt n 
Hir 'i.itri Smsc .ifpi-' ■.u:[i cr-risists of two f.o ■ ev I s 1 1 n * j 
p.u ts : >in ^»pp r'o.ich to the dev olopnuMit of nn for'n^jt ioti 
•»V stems ,ir!(j tho use of ^^ sppcml sot of tools in the dovcl- 
..jMiM'dt uo'ss. Tile t.l.'itri bHS(» ctppr'Ocjch empluisizes the 
follow in;) < orif f'()ts : 

• fntnjnitr,! ■wy^ttyni''^ ; T he data base app r'onch insists tlwit 
intecjf ,i!cd \y';t(MHS <;tir)ijld be built for* niaxiinurn effi- 
I iriiTA i Inj'- we sh' '1)1' i Mot h-"i cUi nccounting system 
tlwil IS un.ible to 'Ji.tfc (l.tt.i -iiid contr'ols with the pay - 
rulL f)orsonriel and pur'chasing systems. Integrated 
syst(MTi nnplies that (>ach system has full knowledge of the 
(-xistfMiCo of tho othet- systems. Systems are not built in 
isolation. Systems that cJo not she) re data, like cafeteria 
mafOK^enient and stLjdent r-ocor^ds, need not bo integrated. 

• Data redundancy be cont rolled and reduced: This means 
that, whenever- possible, a data item is stored only once. 
['or instance, if eniployoo name is kept in the personnel 
system, it should not be repeated m the p-./roll system. 
Each time tho payroll system needs the employee name it 
fetches it from the personnel system. This method of 
noM redundcint stor-age avoids inconsistencies in the data 
brise. CorM GC.tion s are e^isier as they have to be made in 
,1 situate location only cjnd automatically become available 
to .ill users , 

• The data base be^' treated as a resource: The handling 
and treatment of the data in a data base should be simi- 
lar- to other important r-esources like space ar.d money, 
[ n rtluM- tho data bcise should be treated as a shared 
fpsource. The individual assigned to manage the 
resource is called a Data Base Administrator. Treating 
tho data as a resource emphasizes the point that the data 
captured within any given system (like the payroll 
system) has value to the organization that goes far bey- 
ond the confines of that par-ticular system. 

c > 
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■ • I'll . ...!in<j .jf fi.-ila, 

' ' ■ 1 '1 it i . ^ t ^ , V, it li 

: ' • • . ■ ; 'i: I N I t r,i I' 1 f [i <r. < .cini; . I (• t.p 
't t fi-' t !.i I i-f'SM',. I LP , i.)r. .[)■•!■ 
; >r-.- .(,.-•. i -J r f.^s r_. ui 1)P do\'tMoppJ 
1 ' I ■■ I ^ H \ er- V Kiiport ."in 1 
'I'"! ' t 'A 1 1 i i. 1 [JT'opor- sf'f. ! J fi t y 

. If, till' ,..L.|'ll\ of 

' tl)-n- lilt,. IV. -t:;. 

; ■ '.;it^- I'su-ii ..il-H^t^ .if-o vory 

• ' t ■< <i ; T' 1 1 . M'^wnNT' r\ 
' tMr^ caUi :j.isp <irjf->rrMch is 
'"••■•fit [>s licitfi I n def 'f'Mi riori CO? 

-'■■■■■•!' IT! s>icii a v.ciy liwit it 

■ '■ ■ f ' 1 Ml ' d,i t I ilH 1 IS I' I tT'Ci , 

■' ■ ' 'i i I : I ■• s t< 'iM •■jp f ICO .if id of 

' ' ■ ' dp\ K.r- t ilTMi it 

■ ■ ' ■ ' ' r <'v, d-i t .i it' -Ml 1 '\ 
■ ■■ i r.-. t.h.incjod or Uie 

■ 1 . t i ;j i ( ><-] r.iin h -J ^ 
'-■ ■.■■-''ins th,»l n.-., rdinnrjos ,-^"0 
: ' ; r" w;; i )\ dd 1 1 'oi i s of r~i nw 

' ■ II' d ' i- i 1 M / ,: I ion of dalrT 

• ' > !.d ■ 1 1 1 ' ■■. ; w- ; it.- in t fio mot h • 
' ■• d ' > di t ' d t lio I tu: roas I nq 

U'-.'.od I'l CdiHptor' 2 , tf^i? 

■ ■ • IS r r- M 01.1 1 in con ta i ro ncj llie 

■ of'St:--. o[ software s^stoinsi. 

; " ' i ti p dalrj ^-J,-^zo. ap[M"oacli 
■ mtf' ;r.dp(i syUfMTis in v.'lncli tl)o 
iJata :^isp Adfnifiistrator ( DP.A) . 
• d a PS I d. o non - r'od u nda ncy of 
tN' datrj, [setter ^^tar^dards , 

^- '-'d, most of all, data indepon- 
;. ; d , but i m p 1 1 e rj in t It e above d i s - 
• f d' a sof twa ro s y stem ca I led a 
V s t oiTi that fiolps acroriipl I sh t fio 
>e dat ri [ ;.iso approacli . The torrn 
r-tifTios used as a synonym for Data 
( DBMS) . 



1 t'.*c t re of DL '.'J 

1 I ,., } .|,»n • ii 1 1'"-.*. ' ; '-'t -"1 d^wi ij'iSf? 

• ■ ; . r , . ■ ' • \'\\, .1 .1 i * ■ 'I r ' •! < i.T. i Filf^ [Ml v SI - 

• • . ;. • ; , - !. . ■ 1 "I I ' I 111 r i ;■. ,i 'Ji i< - t( > ''irif- 

, , r . , • ,,.f V, "■■M • • ; \>\\ . i; ,1 1 s t . i| ,p ;i' .1 1 ir! Mir .'.m r i ( ,«.';^ 1 1 1 ,) I 
. . :,it ) ■ ' . ! ) ! ,,( ( ■ .in;M I [i t 1 1 1 s ;n.ip ; mii< , . In ,\ 
,1 Sisf .-ir. tr -lit , ii',' m n -j 1 " sv'--,t».Mi! 'M' f< >< j r<iin is fM.T- 

• f t • i 1 ■ • '1 1 1 ct^ d.ita nioJ''-l . In f -ict. fvich i> r o<j rrim 

. nly li ;. ■[• ;:'.(! or trie f^itd tiiat it Deeds to use. 
r...j ■ n,. f!...'s not e^t'f) ^'xist fu?- tlie f.j ''og r'dm . 

\ l^ ,i. f ^ -in; .1 1 •.!!•■' i i)\ tlir- (J.itri :> i J [ xn-jd (■ I 

I J/i I Mii.; ti-i^' [M^'MS, til.'- ;M-'';r.ini r'^qupsts 

, 1. . i ri r.s VI. 'v; ijf the d,it.< its subrnodfd. The 
M^. rrtf!--ses th.o fen^ u i r-ecl (iat.j. It first trdnslatos the 
•I li),jt IS b.tserj on the subniC'del to an equivalent 

t. p,rr th(.' datri r;; del. Using the d.ita model it 
>f I . ft rT-';;:jr s tod dvita and pi accs it in the work 

.,, t r *hf ; . !< j iMiiitite r to us.'-. "i iie' pf'ocess is r^ever'sed 
Ow . , .M ,,1 ij;>d,ilin.-; Tiie [.I'.i'jrani places the data in 
].,,,,!, M ,-; v,^>rV areri and reque^Tts tlie DBMS to 

Uw- d*t,i I iw^ data processi^J tliroinjh the 

,n; • . -iw i:id jifi-tllv ; - th,- stM,-,,.je L.^'^tin:, tot- 

d.itiiic; 

; iw- pr-. ' ;r,ii(Unor (nr ust rd sf^ -.-'. no nica-e than the work 
.-ind th.- riata s u Lan..-de I . Toe DBA has a broader view 
n t- f> V t.Mi d s t r'.'rn 1 1 physical s to rarje to the data s ub- 
o,-! ! h,,-. f)(;ur-e -diows the DBMS has Sf-ven tasks to 

nch' iiuintxrs in die firjure corr-espond with the 

[Tib*M-'. ■■ ■-;(' fnlk>wint": hst of tasks. 

( i , M,ui,i.;rK; th-- :- .i,s,Co" storage or data. 

['1) -Xocorrrdisronv; d •^^:^\r:^\U'\ .between p|-)y'.,,cal stor- 
.-ir;r. -id the p t u ! nrK^^d . 

i ,^ I I'e rant : : , ; 1^ ; t h; ■ d^d i n it lori of tlie cor icept ua! model . 

(4j Accornphslinig the mapping between tlie conceptual 
rn c del and the s u b i7i o d e I . 

CI niitliii'j tlie .'iof i r 1 1 1 ion of the submodel. 

( b ) I rMnsfer-rang data between the subni';del and the 
prorjrani work area . 

(/) rn/ 1 nfj thr^ riefinition of Ihe work area in the 

p I'l.u pvirn , 
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; , r r'tw; , . i\ S'-'t .if litiliti'^s. T-t^ .rnjjort of ttu.^sc 

I:-.,.- ttif. -I,.--, Hi, it -1,1 ' • -fur r-'-. I'-p and t'oco\'' 

f , ; , • , ,. , , I i I-".'- ij t ; 1 1 ' I 1 ! . ■, I t , I <i f I r of a s ys trrn 

,|;'.,,.t''f .'r>ti;t' (!.it.i iiri'-:*- ^.tr; h- (.m.. istr'ucted. T Iv 

r^'- .r, ,M ti .ii r-';iiirr-. tli,' li' I tli'' l.v.t [..K.i 'ip ..ful U^.r' 

in-. r-,'(>.id*. ctM < -[•( !.-( 1 M(u:<" "itp h : 1 j.k . 1-, 1 1 [ j . 

M,.st '■tt,< f'. r--' Min.iij^nx'nt S\st'Mns li.ivf a u'lhty tliat 
111- fr". .r- ill t'^'-' ,iLtr. ity and i-,fM-f.)S ,) record of tiu; ■•Jpdatf}s 
(.,r,fi .'.'M'-d, ,n:(-.f--, s^'S I :;iMde to tfie da^- brise. Idiis 
• M is \>"]']\i\<] ■ Min fecor-ds Cfeatf?d \ <\ it <n'e 

I,,,; ■ifds III ■ M-n to tlie b.ickjp). mcovery 
,,• ,i 1, m * 1 1 1 1 ; ■ - . tli > n.i'. utilitu". f>"^r 'Tor-inanoo 

Mt-.jirv;, ■Mllnt^■ d-'':,!', m ,ind c.intr.jl and |-0SOiir-co 



Modoir> of DBMS 

in,..,. ,,r I' f (; ! . ( < < r i r. > t u .1 1 iTiodoIs fot' rial a organ i za - 
•:,,n x\^,s[ \],\.(' f)r'>f>MSf'd ,i\\<.i aro in use at tiiis time. 

: 1 ^ r- j.a ,M ' 1 h-i a r-'dnr . nctv.'M'}-- .anf.i r-;^ I a t ion a 1 . Thn 

■ |,.' .! r,-, n ■ i-'"^, d.it.i in a tn^f i e s true tuff, 
! . tni-\)r(,hit nv-dol is s t r a i f ; f 1 1 f <_) r uMr'd , Conceptually, 

h r.''.''rfi ■!} r> hifi^arcduc data 'j r 'j a ni zat ion looks like a 
( -i-PMM^r .-r-.;aiti/ation chard, it is <■ t r'Ge structure with the 
t- . >f t'w^ tr-pp at t}ie vor^y top. The record itself consists 
,t --'.nipnts th.it ar^o arr^ingod like people m an organization 
' ^ [ I hfM-e IS a i^Ulier- rigid pa I'en t, 'c ii i Id rel a t ion s li i p 
an:. >-;>-;st the varuous segments. Tiiis organization is very 
f.- a ri'.ti \ e in tliat eacfi segriicnt can iiave only one supe- 
r'.r^r In s' >rne iuera rcii ic o rga n i zat lo n s tlie rigid parent/ 
(f.ilri T^t'latKaiships amongst segments can be supplemented 
(but n<jt nrciimvented) by techniques like logical relation- 
sfiips and spconciary indexing. Tfiese teciiniques allow mul- 
ti;ilp ara.pss pat lis to a single Sf^g merit at the cost of 
I It f. If. IS. 'd (:.->mplr x ity . T he networ^k model is moi"e gener<d 
in ttiat rj rcc'jrd can fv>ve more tiirin one immediate supe- 

■ •r.r. I lie r'oiational m del crimes closest to the natural way 
-•-;T :;to'^>ri'j d.da in the fcr^rTi of tables. These tables are 
: d!-'ci t-iations." Tiie rows in tlie tables are called 

,'nd tho C(jlumns are called "attributes." All possi- 
[ , i ^. , 1 i ; 1*'^ , ri a (.( >1 unin f or-rn t he "' doma in" foi' that att rdbu te. 
An imr>ortant r. i i -i ;• ,i r:te r- 1 s t iC of the relational model is that 



'•■ ' [ . f , (,ndd, "A relational nvjdel for large sfiared 
riata banks/' Communications of the ACM, 6 June 1970, pp. 
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' • ' ' n .1(1'! T 1).'- r k tn r.S'l s ,i [■ • t ii o tiios t 

i-t! 'iri.j thf li,ifij*-',t tn iirif>|fin*M)t . Till vrry 

• • i-fl-iti. fi!..(i*.K. iMii'U'inrntfMJ wc'r vor-y iripfli- 

• I 'i.il.i 'w'N.mmI (.nrn; .,iri!f"; li.ivf rf'CfMitly 
:^ "'i : '!'.m:, i-r..-(i ,.M tlu- rw^Htinn.H rrMni^'l. ! horo is, 

1 u : : I: I .■ ' 1 1 (i,tt,j to )ijrj(;c if the i r, ip) onion t <.i t ion s 
' " " : ; \ .n •■ ■. irtS )to t Of vfM-y i^i ryo sy s terns . 

' ' ■ " : ' ■ '■ " ' - ■ ' '.s , 1 1 I ' ( ■ 1 1 1 1 M r I M f i u ( i • ' s . J r I s t h o /i b 1 1 1 1 y 
'■ '"'i ' ■ iHif t i( .!( v.iMi ..tli'T rf'l,a,vj '-.(.ftv..iro. 7 iio 
• -'■tv\.w(^ ;.,)( .I'j'^s rn...st oninmonly used to s upploiiion t 
w ' 'I ' - -'^^ ' T H [ ) RMS H r-f ,i ("njory f aci li ty.' ropor-t gen - 
^ ' I ■ ■ ' it'f-rn I (i.-j I r.on t f.' ■! srjf t w.-i ro { th i s is foq u i red 
"■ lio" d t .Mill I r I. lis ) ,i(id ,1 i.itri riirtioncwy . The qtjory 
■ ' ' 'T ' ; "Mf rM t' » [- I <; i j so. : (.ii foc tl y by the end user . 
-A /Ti t f 'I bif.i 1 1 1 y 1 '-. .1 pr-(jg rdmini n g aid for the 
i M.itf, Mit^ [jBA is trie innjur user of the data 



bi'-i • Min-c j.-m.'fit S' .ti'Mi IS ((^rtrimly h p'av- 

■ -v.-i!'' t-nl in tfio li,u)f]s (it tfir (J(^vel(:)por. It pro- 
^ If 'TTM' Mjs (-.1 pabi h t uvj ; its use is essential in tlie 
'Hi'Mi t ':•( i ,\ r-tjo t n trcj ra tod i n forma t lon sy stems . Sev - 
'-1 * '< b'i y s t oms a rr^ a va i (ai.Wo t li i - .(jr; [i cumpu ter v^n - 
-ind '!tv..irf- houses. P,ckina tlio riglnt datri b ^ 
'.•■^ur\^\ s\',toni ts tin impoi^tant r^espon s i b i h t y of d.iUi 
^ : M'j rTi,H,,i ^;r(..(Mit . It is rj s nljject matter tin at would 
M t'" \ t (J r it '■. TAV n I ij d I s r. u s , 



A d mi fi I s tr^a t'Or 

:fi- [:Mbi b.isr AcifTiifustr-itor has tr, toll tfie DbMS wfiat 
t,i s ks 1 nch jdo t ho definition of b'l e content of 
bn t'Wswjo striir, tujw, thf^ aecf^ss fiiothod, the riUtfior^- 
• p' ! 'C''^dn vf\ the fMji t check 5; and tfie back, up and 
'f^> procndnres. The DBA has several tools to accom- 
these tasks. The foremost amongst ihese tools is tfie 
fiiftionary. T'^,e data ciir onary contains macro data 

'ibout data, fhe dictioi.iry aMows for definitions of 
it^fris. Cf-oss - f^efor^onces of : e use of data items, 
roferer'ces of programs using the data and validat'On 
f.^f rjata items. Otfier t^.ols available to tfne DBA are 
iot initio, n binguages tfiat define the model and sub- 

'T d.it.i; mapping and display tools used in the 
■ >\ fbita ba-^'^: simulation tools to test concepts in 
rionitotung nd tuning tools to 'Misur-e proper- 



.M f(,r- .,tlo;:.Ui.jn diid pri-f-r-rTi,iii.-.' It \'.\ uIp.u' tint t lu^ 
: , .1- '.'] 1 (;ata [^-is-^ Adrninist --oi- ' : h t'-f lirncnl oru.-. I hf? 
,.'r,A r. ,1 , . .t;.<,r.it<' t 1 1 n i C a I ri) rj f of ddta. 

I !,..r-,. 1-, ,1 ! •■ iNitiuri tli.it top rnrinagernpnt 

I ; . : . , \ , 1 ( ' I . ' ! \ ! 1 1 \ ' ) h. • " I ■ • 1 1 [ > I i r ' i n <j .i n (J cl e v I o p - 

•-■tit ..I in ti .f (M.it !■ 'h sv-t'Tiis. If (i.)t.i >tio ti-uly to bo 
tr-.vit.'.! ,r. .» I . ^r; -I ,itf i< > s ■ u i f t ' thfii nil dit,'. botln curiifnjt 
.•n/^M! ,if,i! (,<.ni;'nt''fi/f'!, shouU) bo i :ii.i<jf3d by the top 

r iiil-'^ i[i tlw* .idiiiinistr-.ittoii . Dotnfmininj who should hnvG 

f s t'.' h .it d<i t .1 , deter-rni n i ng tlie r'ela ti ve p r- ion lies of 
tht> I II f ^ ) r [n<i t H )rs s\ strrtJ (Jf'vplr)priu>n t pr-ocoss, de tcfrni n i ng 
n .^A 'v.iM'.'j', units "t thf^ !jri:\rTMtv tn'd together by the 

I : t, .'-SMt n .n Iml , .ire .ill i n '-.t 1 1 u 1 1 o r 1 decisions of some 
nii^->..w' wice. I In.' Inglu.'st fankirig adrni n i s t rator r-esponsible 
t.,.- tiu' r'osoi.ircG .wnJ pr'ecipntitn;: these decisions is 

:: '[fi;-'. .M^t^i) t h t» title of "dnNi ari'-^iiiistrator. " Iristitu- 
..t !n';h<T- educ.ition prefer' to :se tfie title of Vice 
• id'-nt Mt I nfor-rii.ition Systems oi' Associate Pi'ovost of 
'. ■■:{> >}-tu.r >\\ [i. :A fMTis . I II inn nagt ng the i nformation re sou r-ce , 
v,c -ir,' njcnMiyinq Lwr.> o r'gti n I z 1 1 omi i needs. A need lo 
-iddf-ns:; th''' d.it.i bdsn rn H ri h g ome PI t responsibilities at the 
T "f li n ii.,i I Invnl ,ind tt»f' nfftJ for' infor'mation resource man- 
I- •[ 1 1 ,d 'ii- \ If fr ".If NMi t nil ln\o|. () rg ,i n I / a 1 1 o n struic- 
tiir,.'s tf- f,ifilir,)in tin's.- rJual rif.HMjs ^if*- still in the stages of 
f>yf>er-i[iifMird ion ,nnj f^\,wlution. Chap' '^^ discusses this sub- 
j^M. t rnattf"- m some gr-eater' detail. 

' have ^.^lscussed the wirmus componoiits of a 

[J.tt.t [^i'^r^ Mnna()nnuMa System. It, and [he related scjft- 
vv,ir-e, t<)in) t'.n rniJior ic>c)l \n the development of information 
s\s terns. ^ ..iM i<jok at tin'- Systems f'lopment Life 

f.Yf.in Fh' ' . . v/elofMnent l-ife Cycde ar. ' the r^elated 
str-in tn-' ' ' the techniques used i ri cr'eating an 

inff-r-nid*' mi ^ r^r ' he..>e te^iuiiques are discussed next. 



Systems . ■ ■< , Lite Cyde 

[ hv- systeir.s cievfdoprnen t hi - cycle is nor*mally defined 
''Pis I sting of SIX stag'^:^: 

1 . r<:.) - < t I n i t i.a ujo 

f t J f I ' lorn^ I A 1 y s 1 s 

'..ystems Design 

Cons tr'ijct ion 
b . I lis ta Hat ion 

h. MnntfMnmce anci F. n h n ' enie n t 
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ERIC 



<:;^( lis-, sf.i]).-- ,,f tin- \ *-r>y 

■ ■ ' ■ ' : •■■•"> It ( . I nif >.M',j 1 1 \ ^' 

■V . th,- lite uytJu. 
■ ti st.i' ;•• ; ht' ijsor siiuul.J 

i > i(i. .(I It ' M. !y \", Immi t Iw 

I i"M ( I , f ■ It, Ml r.' t h<i t t ht' 

i ■ ■ Hot for t h.' 



t ft rih-M t ( ■ I f:io s y s t 



th- !,ill 



V.liif h },fi;i.;v, 



rni.it: M SystPiiis In •; r t iiw • n t -inj . : ; >f » r-o\od 
f til.-- user' sh'mfci vlh^a-w-- poriofjic 

■ ^. fi' J', t iJ.ii X pt'iidi t u r-n asS' ■( , : • ^vtt h 

f'r"i-':.t iiMlMtK'N tinir tl,n st.itMs of the 
■■ s o. : . Miiiin.-f ! , [\u' oi.jpriu vo oi \ hf> nrw 

' '>';*'''-o' iJiH,n; jiiost iinpi>rt,!ntly , /in 

'f"^ ! • tH" s^ .t^-r:: sIlMoh! !.o .,tlt!i-l...i ,|M<] 

■ ■ ■ ■■■••^ ' I l-'- ..1 sli.HjI.i or lo fiHM, 

i t , t [n< i I.' t iMiii I nr ; onij oorfipl -te 



t r , . ; It t t 
o •■ s f ' nif 



•rn v. :ii 



J t. I 



Jli" fuhfti ii.ti -.iwt ifi(.,itiMnc. of tl . ./steni. 
f '"'i ■> rni J s t K,f' \\ M 1 1 fMi in i j StT ' ■ O' ; . lo, ,(j 
5"' tin- ftr-st pUu.f^ on,-. : tiwnk Mf 

' n'J''-.tions rc(;-ir(\\\)r, tin- :,y.-.t "i. This 
tli-'t it inust oK%,i\s liP [-('pt uf.'f'UcfJ. Til- 
* ' 1 tt'Ti :l)'Oj|( ! no.t only indicitf what t Iw^ 
1^ "itis: .o .o okIicmIo wlint tlio system v.i// 
r ,\ s\ stofTi . l.oifcf aijsn the user' sifnply 

■ ' ■•-•'t Uip s\sNMii v.cjij! ! ;n.'^thin9 't was o'.iy 

t" 'tsMir.' sr, It IS, tluMT'fore. irnpoi'nto.o 
^'S t '^y ■■. tcni !>t^ s poliPfj out vro'y 

h ' ! o . -I, .nu' t it f , ( 1 o 

'1 ttn- 'i'-^si';:! ..t.jq^'s, t h r. ijspi- intof^fdces to the system 
-■1 inip' .rt.int r'ol^o Mooh thoiprjht rnust be given lo 
' ^'•'■■t 'h:-^ user- v.i 1 1 !-)e fequir^ed to do in order' to 
th'- M.'.l^'m o>rl Also of fjri-ra inipor t , i e is finding 
* 'J wi 1 1 ret ju I re(i t^> know in order to 

V'l.^ ■;\stofn \\..rk. F.'f ll|sta^1C(^ u is not uncommon to 

■ ■ ^'-'"^if'^ f^ c'.rriGulurns m which degrees are 
'■ ' '^^ rjiiir-es that the Hegis code be put 

\^tf:n I.-' Mi'.osed tcj curriculum bb re v ia t ion 
1 thf^ .tu.if'fit pui r, the fof-in), tfien the ..perator has 



) f \\\ .\ 1 



: ; , . . , • I , . • r }■:■■. ' r^' ; ' i 1 1 M i ■ 1 1 1 1 1 1 1 1 • - ■ : - ■ s i < ; n is t li r- 

♦ . ' , 1 , ; I I t I I I I I . ; t h,i; t [)f' S I [ 'qlr 

, ; , ' • . . ■ ; I . ■ 1 1 ■ ■! ' ! » ' ^ i 1 > i 1 i ' > , t In' If' .ire t.r f t .11 II 

i , , • ;.. , 1 1 1 ( I .t : ' ' \ . ■ ■ ; ' ■ : I <■ \< < tiui t » iru.. c t s \ 'vClii 

I,,, : [; \r.n\[ : ' .\ 1 '\ t 1 f.';.>,in;h » r [ >- mm t imi i Ir.ts thffr 

. ,t , li in t!,-M-)ror (,f (liffir.ully tluit tlu' [)(.iMS 

Ih' M ['r/.i:> .tint' tc hnruile f.ii 11190s ,ri 

,, . >i(i,t. , 1 li,ni in 1 )!>.(. I irnj factors. arJding 

I, ; ■ I i ifl-'KMi .( li''l<l III .1 r»T.onj, arifiuicj 

.i r-'v. ■ ■■ 1 ft 'r ;j;h/ : : .1 <!'it.i f.ji" effK. ifMi(\ 

.''i.!;* .my inifMt.l • -w tlif ; )p>l ir;.i t lun pfogtMin 

• 1)[^MS thcijt^h n')t M. ('in .k i(J i t ion al !y 'lariflle 

• , ■ . ;. , [ ; . ■ , : i t . 1 t-ni.i t '.'f a fi.it .1 1 1 f-'iTi , now relat ions h ips 

I,,...,,,.; .>x>-.t'M; r(Mwf(is, inn\ riccr'ss motliods, space 
. 1 'ri"s in wunr-ted koys for access wit li out 
; ,., 1,,, . .,|.,i.t '-'n til'-' ,i;if>liralir)n ;. I'.u] rains • How- 

.. > .. t 'n.tiMjt's tlirit niMSi ijI'.'.'l (an not handle 

.'ti .1 ' ; ;i[i;.).1 "W tlu- atloii proqt^Miis. [-.\ amp I OS 

,. ' •.. . . ;,. . f ..III') .) d<i t a d.MTI .\ fl ''V, I'MCCif-d , 

. • ! . I < ; . ■ . j . 1 1 1 ' 1 1 . ^ ; a ff( ■ ^ ' .ind > li^nijinrj 

tl,.. ,M f .-■> , (-••\ "t .1 r-i'a-d, I Ins InU is l)y n.'j inOcins com- 
|,|,.'.. It 1^. ;M*.';''nt^'d [i'--t^ tu sh.iv. tlio relati\'0 importance 
.,t (I,-* -..tst- doM'jn pr'u-.f'ss. It not only ^lotermines 

t, •■'■M.'fddv r)"'"''^*'^^'" '^'''^ now. it also influences 

f,. .iiM. ,) I it",j;i[)|M r|r> in the futnrp. It is for 
' , ■ . , n ^ a data t)aso --.^^ '.torn pr-ojoct shotild be 

,.r,. ! ,, I mmIv -ittf'r suMicaont thoiirjht and p Km rung lias 
I ; I ! : ht' > >\ : )r-' .rf's s . 

t,, th.^ rr-lnti.-- iiTipnrtan; d the data base design, 

,» ,^ I ;.r,i ^if,r. 'wtvf tiio t>'si(-in reviewed by peers. 

; . r'^\^^'\\ pr> -.-ss i..rcf's tlu^ d^'-igner' to articulate the 
.■,,< . ,,,|.. t a- tiw' d.- .njn anri adrjws thr rovK'wors tn suorjest 
,,li,>r-M.itis t', P'M-haps li^-tw-r- a p[.) r-oach es to t-^o ciesign pro- 
, . .;a'rnMiCP indi(,Htos tliat it iS useful to allow tlio 

d.-si'jn t',> aqo for sc^motirno. Usually tlie designer is able to 
thirtk up son;ethii^r; tti„t v/as overlooked or is able to hnd a 
b-'ttr-r d--.i';n . 

< , .r; . t t uM -f tlu' ricMrjii should b-"^ :n pai'ts. These 
.,,r\-: sliMuid bo (,,indi da t OS f" partial 1 ir,pl oiTien t a t ion . An 
linp^jr^:nt aspect in * prn^ ,: .anrninq of tlie system is its 
.^rr-ra- tvn;dlinr; r.,. p., b 1 ii t v ■ f tune an error occurs in the 

.;^,,.| It IS tmp'M tMn* lh<it the progra.-n completely specify 
t Iv » ■ v.irnr 
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t' Uf ■,*'■; : I..1M Dlili.h! liMi If-, (lllIifMJ tllf n;)('r,!- 

' I .1. ■ j • M.> . ' 

M "t til.. , M *Mn h,r« I ..M.(i . m i.(^s-.f ulty iiiif lit 'iiu'[i tf'd , 
■ '.!,.- ni . ,t . ,!; .j tli-- iit'^ cyrK- 

J'!'^''"'" l.ir-fjf^ ; M-i M )!■;■, ,n s |[) [ii,(n\' i n t .1 i 1 .1 1 1 or i s , /"():, of 
; ' - ; ^' ri'] st.itf is ( ! ; m i k ,1 1 e-r i [, > rii.ii n t Of],) ricp . N.ition.H 

■ . if<- n.>t t.M) (iiijr.ii low.'f-. f Ihm-(^ ,^f■.^ twcj par-tinl 

■ ^! ■ ' ■ ' till, ; . f. . I ■ Mil . ( ) f tp I •■. ,! !i ' M f^"i rii /..it 1' .[i.H u t icin 
'ii '1 IN ' I- ii't'T f). I hr^ . ;:i.T IS rol,)t'-'rJ to the 

■ \ .'"'ii . 1 I ■ /I t li I I I t'l , lui 1 1 ; ij.-s ( i I s Ifiter iiiif) rcivr- tl-ic 

'■ f : 111. ! I ' . ' 1 1 1 ,1 : ) I i 1 1 y dt th^* [ < f( r<"irns . SHn;jr '. 

■ ■'■ • ■ '.til ij'i'I-' !.iinj,iMt' [nM(jijios, (latf'i iiirlpp(Mi.I 

' ' f ■ ' ■ ' ' ' ' t . 1 1 ■ I ■ ' ■ ", 111 ; J r ■ ( , ^ ; r ^ ; • ; I I ' > ; 1 ( . ,\\\ 1 1 ' ' 1 

■ ■ ' ■ ' ' ■■ ; , ■ ■ . ;i,,M r; : ,t If I ,t I . ' . • M,t ill t (Ti ,i ri( J' l 

' ■■; ■ ri im m i \ .iini ■ ■ \ ; mm 1 s r-p(]uir-p- 

f""'it. M . MM-i: jcni'Vit ( ■ '::;(ni t [n-- i 1 ' t'. iifw dPV(^lop- 

M'"'Mt sli' ! S".' .Ml ,)-; not tc ;,iko ;< mi rf,rs nw^iy f t'orTi 

' if V r-l' >prii' ■' • \n -fltT t'' nit -ft ; he <;r../, ing ckMiitinrJ^ for- 

■'1 t II i I -n n 1 r I ; ..Id ;> i^m ; iMiir; . fnfi.iiu.nci rj,i [; 1 1 1 1 1 Ps <^\^d 

"";'f'\t'd 1 1' M 1 .1 1 it y v,ill (,<uitifujf.^ to hp th(^ i-MjfU priot-|- 

■i"'^ tliii.W'ili Mir' i'.<",()s. [<•' iij r(,ps ti"^ cJ(>\Tlop, rir otli- 

■■'V, i.f ill 1 1< ; 1 1 ■ f tlu'sp -t':-. !(,."■ ' c.ip.i^.iiidipr. sli oh J [jp 



Str'uctuiod Tlh". [t niquGs 

f V,. [.!][-'■, tr,i in M.irrI) of l:)b:-; pvpr'^-ssPfJ <\ vunv tf^rit 
'1 't" s t .1 f "int ' M t v,i'rr [i,n-infijl. Idnp as titp i^pcjinnnig of n 
'■d^-'i'^ fU'w 'ri'd iK>rioN i( ly cilU^d s t r'lj ct u r*cd toclTniques. 

; r ij';* u vfMi fjr-i.."; iMmrTiinr, Wris clu* fipst ^d tlipsc techniques to 
' ■ Mu- ' f : to tlip .'ii.^'ii n st r-Pcirii of thp p r^ofes s i< p|i , T iie last tf^ r'GO 
\ ''.IS sfpt'i tlip fMpid dpvoloprTicrU and uso (. ' otiu-'-* 

^ ' M i ' 1 1 i I • 'd 1 Mid) rn< ; U'-', 1 1 kf^ s t fur.t u r-pd analysis, s t r'u ct u r-(>c 
d.'si'jn riOfJ s t r-ijf.t 1 J re J .d k t h r-* 'U . ; f 1 ^ . 

St r 1 J (d I ■ pf'r, r-rMrTiniifTr; is a n>;.;iod of p i^oq pariirn 1 r^ q 

til, it foMov.' "o ..uthripd bpk.w: 

• A \ ' 'id f J' )1. ^ " 1 priu'ii t \ 
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• I .f ■'■.\\ th f'N-^ 1 ).!'-> I c: '..trill til r.-".; 

• t, It 

• .,'t 1 1 h 1(1 

• I i iiv ,1 Mn-;^ jMnnt tur tr.»nstt»f into thr <; t r ti r. t u rr 
.tin! 1 •.iiMjii' ,.,,M,t it cixitrol (.nit of thf? stfuctiirf? 

• ! , I I I I t\ "t [ ■(•"■.♦•lit.lt |o(l 

• 1 f ! . ! • ■ ; ' ' t i. ' ' ■ • li I • I f.! tc li y 'if !( 1^ j I c 

• J/. ( linos ) 

• I . w ,i .!..w,, ■.;[! , 

ill-' i| yjj'f . 1 i.f .tructurtM.i p r(.M;j cmiini ng is to coniposG 
f M- ; rMni . ( ' , f f ' '( . 1 1 V iM I ii f ' f 1 ii - i ri cif fj t iu_Mn irMo cor'r'ect - 
; . r > s . f I ■ i n ('f ' ' ' 1' '^v t li o ff'lri 1 1 vo e rro r Tfi tf? s found in 
'.■■,!.;;) >'■..<;■■ I rt: 1 ' I ; '--'.tiii.; .ind > >; * f ' I'0 1 1 o n s . It {:in.u-|y 
i:, :i. ,it^' m;) I i 1 'j n i . th-' iii' t i. ft t n.a I [)rWt of tlu,' 

( !p V (^'' »rfUMi t ••■-s Df^sipn tMTofs found in opefntions 

.i r.' h\ f ri r iri (> , ■ > . 1 1 n^:; t . I n t ( ir^na t ion s ys tenis ma ncig^Miion t 
^;l^nj|(! two us Its .ittnn', M.>n to til is .itcn cjnd should try to 
r-Miuf p tin- tMTijf, ui this Crtte^jory. 

StMj(J,uro(! .in.ilysis rs [")<ised on iwo key elements. 
1 first olrinont IS thn buiMfntj of a grciphicnl inodel (also 
I.M]i(,,|| rTH)(jp|) (jf thf systofti to ho butlv. The second 
.i-MiM^nt IS v*v!>al dt'scription of :he system objectives and 
, 1 rM nit s . The f pMphical model is an excellent way of 
sliLAMnt; the usor' (.^Xdctly vvlirit tlie system is supposed to 
:o , Tins .ilong with t h ? verbal description of con st ra i nts 
-•■•ikos v>r ,\ ^ on else description of ror; u i remen t s . Tf is 
iiv-i(^| IS th.Mi ;snd to riftermnu^ what portions of the system 
.uf to Sn left [iMinual and what portions will have develop - 
rnon t priorities oyG r others. 

StrMjctur^^d design is a mechanism wfiich petmits the 
.jraplnr.il diaqrMni of tfie system to be converted into sm^ll 
fTiodulf^s . [ rjch uiuiJule sliould have tlie pr^operty of cominu- 
nicat uiq w ith a rTiitnmum number of otiier modules . This Is 
ach i.*\'ed by r^r^angi ng the modu les i n a h iera rch y such that 
each module c ^unmu n i ca tes either witli its immediate superior 
or' 1 1 s i,nr!V'^l i < te ^ rdi na te and with no other mod u le . 

I his hter^"trchy CrWi ■ richic^ved by studying the flow 
datri through the s\ ..i"n\, An example of hierarchic bre?.k- 
down into m-idules is ihown in Figure 29. 



11 ^-Miiirn .::;>../^ur 
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'.Of I W'M'.! I 'M. I I < )1'MI l-l 



, ! V. 't I f I in-' n ; ■ ; ! I I . r ' ' 1 I M' j ! ,1' '[■(' t h.i N .1 

1 ; 1 1 f.tM I : I M ■ I t [) »' t cm 1 IfMi ; M to V'U r 



,1.1,, • li ; ,M ) [11' * ti. ]\ I', V f r^Mih.h. ( ;(H M ! in tli.tt it 

, t , t.-lli it 1/ t ; , ,.|, ,; ,r(:..|| I j i .(.<".•. . It I'.. . ti"\v 

( , I til-' .111 ,v, 'I t . ■ till' .-t ; ;•. ,1 If [if >ltMn for it ['!■■> 
. c;:i. [.-iM M". Mx' iMMM*' "t 1-.' t<i ^M)',',. \\l).it \V'> mc.I 
[■ir't fi' M i, ,h - ' } ••, t h ,1 ; rn; ) f. i \ cs t lu' cf t If. If M K. s' of b'.)t t r. ' 



(11- • [ 1 1 : 1 Y 



r-(. 'b U'ln A r'» M , 



t.M t>.i 10, or- U)() rVL-n lOOO. 



1 he 1 h ri 1' ji jt' iuf- s\st*"Mi) < ! t - v , ■ | >ni.Mi t i!muJ m tip' 

I'l t'\ \: soft"/-:-, t riTT) s('\,fM\'i pntMc:; It -issunu.^s 

t'ltt till- u .'T liP'Ws tlu' MctMls Htnl t li»M-rti. -(■(.' IS able tu 

i', tii.>ri' Ih)'> i"^- Mot tr-ue. M.iny user's do not kriovv 
vJ'-.it I', r ;ii I fM^d . Ihis IS f.>Hrtic:ij|arly true of fit" St tinie 
It ,.'1 \ i . , J ■ ,1 nut iof I systeiiis norni.illy thr'Oitcjh tlir'oe 

•.',i(i»'> (' 1< 'i 'iii-'i 4 . i iie (ifst slcicjr is a stcK.jf^ '\ sub- 

. r 1 1 1, 1 1' K I ' .t'f, ; f ifj-i vf thr '''mjiuter- l".)oinrj most useful 
: . , t '; : . ■ : ' ■ i f i ir.. ' , . j ,) ] : ■ . ( i ■ 1 1 ' ' n '> t ii ,i r»' [ MT'seri t ! y 
I ;ni f M ; ili" .t'i,.[i>: staijr i'. tlie sl.uje of baukiitl. 
()[;['. (jiiTif , T IS III .ipphc, .'tion ai-oa, niof-e and rTi'"^i e 

.) pp! h ,i 1 1' -n s [mm..-;ii(> obv'ifius and the compPt«}r- is used in a 
(M t u i-hI -.t'M '-.e . Ill e t [t I r-rJ staf^^e is one i n which not pr^o - 
I , 1 >u t t [lo l.i s k 1 t^.e'l f , IS ana I y zed to dotermi ne how bos t 
th-' f.omputtM- M\ tfi. Most o r^cja n i zat lof t s ar*e in tlio backfill 
'.t.!')" -trid tkit^ tf'cdvi if-iuos descfibed [ijr'eviously are all 
-.t ru(,t t) r-^d to 'inalyzf^ .irid automate existing processes, 
Wh.jt t,,,l to r-'-HZdrjnize too often is tfuit many of tlie 

cxi'.tin'; p fof r's*'>ps Were designed for an entirely differ'ont 
t r< t^oir )!■ p, lo k; bf'ffjre computers were available. Autorna- 
tir.r-. IS iirT'c t_ Ji'jT \sfi,tt we peed is innovation with automa- 
*i.-M b •! .v.}Li\" .ipplic.it ions will only be possible if we can 
t,-,ir Mij i'sol\'('s <\v,.\\ from the existing (M-i.jcesses and exatii- 

the ! ) ri ^,id object I vf's that wo need to ach ieve and then 
b.^visf pr'df'^sses th.it fnore fully utilize tfie tremendous cm- 
r-nj ri -t* i';n s and p r^^f, s i ng capabihties of tt;.* computer. 

Ti,.' Svstom Dev(Hopmr:;.'. kife Cycle as defined has too 
iD.i n \ -.fops It takes f^nt i rtM y coo long between the di scu s - 
Mill ..t I '[))e(.trv o\ ,ifid the deliver^v' of the pr^oduct. In light 
f the inci'MSing r^f^f'sonnel costs this large time frame will 
i r I ve n)a n y sy stern developrrien 1 groups out of business, 
he f"ji-esent development process lias too many comrnunica- 
th.n" steps m It : wr'ittng pr^ogr arrjininc, ^ wv.i f ications (ana- 
I s t tu p ror; r.unnier ) , wr^i 1 1 ng f u nc bona ! speci f icat ion s 
' • -T.ilv st to userb . Writing d^^sigr^ s peci f i c^b 'on s (analyst to 
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" " • •■ [ 'f • • S .)fl -l( V '.t . ; M J CIMIMMT ) ,111,1 

" ■ ■ I ' ■ , .t^ * f, fM ,f,,|. ;,M 1 All .,f t iir, 

' ■ ' ' ' ' ' , ' I 't , Ml.th; V, Ik . ,u-i' in 

■ • . c , ; J ! 

'^''V n>,,t M,ril,l I,..,;, tlw> MlM-lll..,;. 

tii'.,,K ..;n-iit II, th,. <JfV.-|..;.fM,'ii{ 
i\ -fM-fit 1!, ^ f rv V' .lunii.) (Mm 

"tt <Jim-iim; tiic (irsujn .jiMi cwn - 
' ' ' ' ; ' ■ Ni ' .1' j.n f 1 . jiirif M j tr'S t ifi« j .iru i 
■■ -'f tf'- , ' ' t.. !>.. nr.f- -'II 

' 1!.-. • :i t -.h.Hih J ).m ,:(..! 

^ ^' " ' 'V.-r h.iif ..f thp fi.jij, ,. /. 

■•^^'^■^ t.. tins, [^M.,,i,:w ..t (...Mtir ■; , n , \ ■ 

' i 'MHiiu I IK ,1 1 !■ >ii r. n^- ; I i ! 

■ " ' • .t f M j ,1 ' . - , 

' ■"it".' Ui.it It \\\\\ V, nttt'i, 

Hi w >fvr-rii.'fit v.iil ,il>.. hr-ln 



!i I r. w rxy 



^ ) f » S I (J I I 



t ructirjn 



.il V s t ( "rnirm n i{.,it h )f t ' .. ^ . "i t t .-n 
' "niiri( j ufi,tt.t, .f-< : ; 'Ok .u Id 

I'riMvst sh.-ulH !>P . ^ 
' '■' -"'t^'''''''! f'r\M;fMnirTuv-s ;r- ' .Hiysts IS oftrn 
*'>f'MO Ml thf rn.. .cjtd of (M^vifTjn 
tfi"t ,irf' Inrrj^ ;,,d complex, where 
■<^nrn-r i f i w J - • -^^t-.,, , t in th^ projoct is rot possi- 
'■'^^ sfi'HjIci usf> thp pfMtotyping t cr. n nirp J n to 
' '1'^ s\ t-ni !) - ♦ h to tho ij sor- a ncJ t^- o prv_uj r.wu- 



J""!'^*^^'' ^■"'•'^ ■■'nf- r;in f,,i .m- ^pj, ,) difroroni 

1 1 tL,i I .h: c'p t n ce 

r-f 1 1 h tj sir^ sni 

-t-d d,-.,'iusi',niruM,t " 



Hrnent of tfio infKM.fn 



.1 t, 



M I , , i . , , , ' ' I 1 ' ■ ' ■ ■! . .III'! t I H I 1' , M.-'. (Il.lt I IM' 

, , ,■ I,, t ■! ■]■.' ' ■ ! r, 1 1 I . t ^ " I !r.i ' \ v, li.it rx ,i( ( I y 

t :| t . ,) niui ^ ■■■'.\vn\ ■ II h 't [11. 1 ; |. Ml \ \ t .MM ( M! ) II I ^ 

.M.l-'.f .!i-tMlr -I 1 1 1 , 1 I 1 r i < J f M 1 1 - M l t I ( l f ( > f (I M t I ' 1 1 1 •.>yS(rm 

,,.ni.; v-.h.it It 1. M-.t. ll..i\iMr) a (.i.it.» li.r-^' (im n , \ ' ) ciih • 1 1 1 
^ , , , ni.iii.r MIC < i.it .1 ( M". h- >* M,c,ui tli.it one .> 

ni ,M 1 i-iii-'Mt !iit . ini.i f li ,( t '.v'. trill, 1 1. '\.sc\ t'r iisitic) the d.ita 

, , , r , , I; , .( . A t ! i \ " - ' I ( 'I'l ! Ml I It if i .lic 

1 1. r t-' .) ssc ( lr,t usscil the p . • fs ( > 'u: 1 1 V r -Uid ihmmJs 
. . ,. w r .ir, lr\ -'Is I't nMiiM-nMnrnt. At the op.cra tion s 
I,,. ,,, 1,,. < , niti"ii', Im !m. f xM-turmec] .ire rather" well dotmed 
.,,,d -ire 'Tieiited. I lie r e< j i s t r.t 1 1 0 n proCC^S, the 

Inii . ,i. Ml , ;.i "' "ss , the (jr.tde reporting process, the 
, .,i,i,pr. ; ,(ui piM 'h.iMnfj flows .ire .;ll pr.icess oriopted. 
l',Mn,)m-i M p-v.fT '.t the (nnipiiter to help perform these 
, I r '/.ill < '-M ) I ^ 111 .in ornatful daia f)r<n c s s/V?(7 

I ) 't I. ('-it.iMiK fi"t ,1 iiMO.Pjenient 1 1 1 1 > . .n<i I iofi 

st'M!i II. »v\e \ er- , ufie must <iiJick to f.^oint <:>u t tliat 

v/,t)i.,ot thf> .ujt<>inMtrjn n\ these of.^e ra t loiuil systems, tt^ is 
,,,,t p-.s^i[>lr ^) tunld .t rnafi.ic;enient inforrndtuM-i systorn. 7 lie 
^i,,t,, th.it I us.>d if! matMrjernont information systems is 
,;.ith"fed ifi th ' opeiathinal systems. In a sense then, 
in.ina^vMiiiMit 1 1 , t - nna ti. . r i systems [M-esuppose the existence of 
t' ^iM.it e' 1 I -pf>r.iti()iiai s\ s t ems . 

1 tie next level of mHtuinemont, generally called middle 
,Ti,,ri,^-;«MT)*Mit . h.is ree(< f(.>r information th,.t is not necessnr- 
,!v fit-'>cess rehitefj !)ijt fjeiKM'ally process generMted, Exjni- 
r,\n ', ,-,f tliis tiitonnatioM ire answers to questions like: How 
HMiiv female i j n r: . r'q ra d ij a t es do we haye in the college of 
pn^jin-eriiig':' \\<>\\ d. oijr .ictual e x pe 1 1 rj 1 1 1 J res compane with 
i,,j,i, .,,„, Mints t.>r f iiM tiiru^ on campus faculty salaries? 
.\n,.i s.- on I hose .loeslinris are answered by aggregating 
Mip d-.nail data ti^.it M-e qen.M-ated in the operational system. 
1 his typo of int'ormatieMi is used for very well defined and 
..tni. tiired < io(. i s k >n s . A system th^r provides this informa- 

[, , thr rujot i:;. . idual , at tlie right time, and can rea- 
.-..mmMs insure MimI il is .KUMjfsate and unambiguous can be 
tpr-iT>ed' -in informatir^n syMrm or manaqcment information 
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Worn rf'CfMitly, stn-ting in the rnid ~ s evan tie s , a new 
t<'fin lias p\ol\'0(J ifi tlic vocabulary of infoi-ination systems. 
This term is decision support system (DSS).^^ Some con- 
si fJ^r (.ieci s h-;n s u[)por-t systems as fnerely another name for' 
MrUi.v.jtMiien I I n f u r-nia t ion Sy:;toni?. iiowever, thor-e is an 
fcipherJ fiiff pr-(Mice [:»etwoen the two; tlio difference is pri- 
riirU-ilv of enif>hrists and of scopn r'ather' than content. Deci- 
sior) supfjcji-t systems try to address tlie needs of higher 
rnana'jernent in in<}kin(.j relatively u fT s t r'u ct u red decisions. In 
dfhiition to the data gorier-ated in opei^ational systems, typi- 
cally tiiey lec^inro the use of data external to ihc normal 
processes ot th(- o rgrs n i /<ition (like the state of the econ - 
'"iiy ' th.^ p'jpulatifa) qrr)V\th fjctor-s, the cost of power) and 
the II so of simij lat ion , mode! i nrj and other analytical tools . 
Vvhen the analytical tools a r'e built into the information 
system and can be used in a flexible and unstructured 
f.ishion we h.ive c decision support system. Because of the 
t.onif>lex it\ of the decisions to be made and the unpredicta- 
blf rfM;iiiffMTipnts for external and intei'nal data, systems 
with (i--Msion suppor't capability are extremely difficult to 
bu 1 id . 

Any !;ystfMfi c«ui be defined in ter-ms of input, pi'ocess 
<wi(i ijutput. fKMjr-e 31 shows the differ'ences amongst a 
data pr-ocessing systerii, a management information system 
and a decision support system using the i n pu t - p roces s -ou t - 
put model. '^^ A data pr-ocessing system takes data on single 
e'}tities as input and uses pr-ocesses like select, change, 
'>()rt , etc. tr» {.iroduce infor-mation on single entities (like 
gr.t^ie rf^por-ts) .is output. The managen:ent information 
system begins wliere a DPS erids, taking as input informa- 
tion on fMUities. The fjrocess is usually aggregation along 
and across systems. The output of an MIS is integj'ated 
striti sties ( rjpner'rilly called "fighting" statistics ) . Decision 
su;:>[.^ort systems start v.ith iriternal and exiernal statistics 
as mptjt ruid use proct^sses like modeling and forecasting to 
pr."-durc rior, i s i i i 1 1 e r n a t r/o s as output. 



The September 1932 issue of CAUSE/EFFECT is 
de(jif,,il-'ri to the topic of decision support systems. Along 
with several articles it conta.ns a useful bibliography for 
those WIS h ing to ex pi ore t fie s u[:)'ect matter in g reater 
detail . 

^'^ The rest of this section is based on " A natomy of 
Dec I s ion S u pport S y stems , " by V . C h ach ra and R . C . Het- 
erick, CAUSE f EFFECT , September 1982. 
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A DPS IS ch,UMctor'i/(^d by .in opfM-a tion iil porspoctivo 
in which [Ue i n f o r-m t i o is p e s t rnj c t ii r c d arid reporting is 
[ > resf" h(M! 1 1 UkJ . TUo. d(>c i s ion p r'oces s is gene ra ! i y r^u le 
(!r-ivnn -Hid sut">iect to pr*ior^ opt mtii za t ion . An MIS on tlio 
<'tfH'r fiarid trikes a tactical porsppcti\'0 arul strives to pro- 
\)<!(' - deni'Mid , \ni[ p r*e(i(^ f t n eci , i n f(->rfTicUion . Its use is 
inn re jnterMct i vo than a DPS . A DSS tries to address the 
fu)c I nfc> rina t ion n(»ed for strategic planning, T[io 
r'"'(:;ij I reiiU'fUs are lj n s t r' uct Li r'od and rjener'ally undefined 
-diead of tirno. I'fu* system thet^efor-e fins to adopt to the 
ijs(>r and allow tor' <a suhjf^ctive decision pr-ocess. FigLjre 32 
ornm< I ri / "s th{»sf' ci' 'irac t e r"i s t i cs . 

It IS n--)t nfH;essar\' that the only user^s of decision 
stjf)por't Systems be tiie top management of t\^e instituiton. 
I I r^te<;^ rat i on of a nal y tica I tools with in for'mation systems 
tn.i kr s a cifc i sion s u ppv:irt sy s teni . Examples can be fou [id 
ill instilutM'Ms wl^er'e such systems exist for all levels of 
fTia(i.i< joinr-ni r^nd even for the benefit of students. 

JdfM^^s Martin talks about yet aiiotiier class of system, 
n systrm tl^at is highly specialized, like an operations 
ff^ search system or a ciesign system. It is not clear what 
( haracter^istics make this type of system different from 
<fn(;ir,ion siippor^t systems. PefdTaf:>s it is the capability of 
advanced graf^ics Integrated witli the (analytical tools imbed- 
(ierl \^^ the information system that fielp create the ope ra- 
ti '.at s research system. 

Mow do institutions of higfier education stack up in 
ffMatu)!! to this progt'ossion of systems? Most i restitutions 
have ma n y of their' norma I p rocesses (see FlCHE listjn Fig- 
urf^ 33) automated. Several liave r-ather sopiiis ticated 
I r I forT-n,)t ion systems. Modeling teciiniques have been in use 
nn campuses for- a long time. The riiosl po:>Lj|ar' of these 
r-n- (del s wer^f^ the st u den t hlow Model a nd Resoij r'ce Requ i r-e- 
rTKaits Pr^ediction Model, botli developed at NCf^EMS, Moi'e 
f-^'C(Mitly, thot'C has beeri a gr'owing interest in EDUCOM 
\ I na n rial Planning Model ( E F PM ) . Howeve r-, mos t im piemen - 
tations of tliese rTiodels have been "manual in the sense 
that tlie data to sLJpport the model were labor'iously enter-ed 
into tfie model. In or'der- to make effective use of models 
for I re s ti t u tional planning it is important that proper inter- 
i -aces be buiK vhat allow i nstUutional operational data to 
d I i-ec t ly t eed the models tha t use tliem . 
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Figure 33 - FICHE Application List 
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fMrtSK:Al Pi ANT OPTRATIONS 



1 [Miysical Pl.int Af.c'Uj ntifig 

2 Chy?; ical Plarit .Jol> Sr.liot julnu] 

3 [ >n lU j I iKj M/ii ; i tfMi a ncp f.'.'^s ts 

•1 f. u ipnion t f^-evofUa 1 1 vf Ma i tfMianco 
Key Invontur-y 

ADMISSIONS AN[J f<{.C>Of<DS M AN ACU^iMb N T 

1 I i n (J.M-( j rTi ci ij 1 0 A ' iiii I s s lo n s fr)r:^»s i n 9 

2 0 r\td ' I .) te Ad missions focr s s 1 n 9 

3 Hi<jii School V(ist\\,g f<Gcor"ds 

4 Cour-sn Master Records (Catalog) 

5 Sr. hediile of Classes P r-e pa r"a t ion 
f) Stnd(Mit Class Scheduling 

/ fijilion an 'J Foe Assessment 

w Stufirnt F^L-gistfation Pr^ocessing 

'j (ddss t^osiocs 

U) ] crfTi StLidfMit Records and Rcpjorts 

11 Coitrse Adfl'rjrop Pcocossing 

12 Fnroliruent [Reporting 

13 Lnrollment Statistics 

1-1 Student Etluiic Group Repor'tirig 

IS TeriTi Grade Reporting 

IG Honors Progf^im Records 

1 / S 1 1 J f 1 0 n t T r • a n s c r I p t Master o c o r ci s 

lo OcgrfM) RoqiM; einonts Fvaluation 

19 C.!o rrf^sp)or ,donce Cou r^se Records 

FINANCIAL AID ADMINISTRATION 

1 financial AuJ Fvahiation 

2 f inancial Awrirds 

3 Student F inp Fiyfnen t Rer^o rd s 
A Work Study R eco rd s 



Figure 33 ( Cf )n ti n ited ) 
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l.lBRAin' APPl ICATION'S 

9 ■ 1 Acq u I s i t ion s 

9 - 2 CUaloy i no 

9 3 CarvJ and MaUM-i.'il (^'0p<;n-atM:)i) and Contr'ol 

9' 4 CirxuUUion Con I r».:>l 

9- 5 Sor-ial.s H'jldin^js 

9- 6 B I bl iO(; rMpli ical Search Sorvico 

0- / Fuyilivo ( [: piiornera I j Mater-ial Indexing 

' 8 [• d LJ ( . a 1 1 o n a ! N^oci i a S e r- v i c o s 

0 1!l[iK ADM!\'ISRA"I l\'F. A f ' P L I C A I 1 ON S 

10- 1 Aluriuii Rocor'ds 

10 2 FourKirilion and Gift Recofds 
10- 3 I rsl ScorMncj and A\nalysis 
10- 4 Cur-rMCulurn Plan rung 

10- Poacher Evaluation 

10- A I ho P lrjc(-.fiien t 

10- 7 f- fMlor^rnty SoJ'Ofity Rush Records 

10- 8 Student Cou nsoh nrj Records 

10- 9 Studf-rU P?: ycholocvca! Testing 

10- 10 Athletic: Event I'icket System 

HOSPITAL APPLICATIONS 

11- 1 Patierit F^eg i s t ra t ion .'Adiiii s s ion s 
11- 2 Hos pji ta I Census 

11-3 Medical RecorcJs 

11- 4 Appointments and Scheduling 

II- 0 Central Supply Irjventory 

11- G Conirruj n ica t ion 3 and Order Entry 

11- 7 Diet.i ry,T ood Service 

1 1 - 8 Ho'j sekee,oi ng 

11-9 LahorMtory Information System 

11-10 Rariiology Information System 

1111 Pharnujcy Information System 

11-12 Nursing Station Suppor-t System 

11 13 fM^ysician Support System 

11-14 Patient B 1 1 1 1 n g ' A ccou n ts Recei vable 

11-15 Hoioital Financial I nformation System 



Figure 33 (continued) 



SOFTWARE DEVELOPMENT 97 



Some Design Guidelines 

There n r- o some v c r* y i m p o r* t a n t design principles which 
if uspci m the design of infor-niation sy sterns will result in a 
niort" ^M'fpctive operation af)d trisur-e greater success for the 
sy s tffii . 

Source point data capture . Data s [iou Id be captu red 
in machine r-oadable form at tfie point of its origin , A 
transaction r-eflecLing a copying charge sfiould be put into 
ruacliine rc idable form in tiie copy center. A student wish- 
ing to process a dr-op or- add should be able to do so at the 
dpr'<irtiriprit,ii office pei iiaps in the pi'esence of tfie course 
adv I sor . Accoun ti n g ti-ansaction s should be in machine 
readable form at tlie depai'tment originating the ti^ansaction . 
Ihis applies to pre- r-egistration , wage cards, purchase ord- 
(M's or any otho'- presently used input form. Notice that 
Iho objnctive not necessar-ily to place the data into the 
data base at the point of oi'igin but at least to capture it in 
machine rcyi-^drible form. If it updates the data base - fine; 
if not. fit U-'Hst the data is in machine readable form. 
Source point data Ccptu'-e avoids duplication of work. It 
tf'ies to eliminate the data tr'anslation process (punching 
cards fr'om for-ms, enter-ing into ter-minals from forms) and 
tlie erf'ors in h e rent in the d upl icate handling of the data . 
Combined witfi online updating, source point data capture 
becomes a ver'y powerful mechanism for- getting accurate and 
timely infor-mation into the computer system. 

The idea expressed lie re is a simple one. If imple- 
mented, its mipdct on t[ie design of the system and the 
ope t-at ion of tlie institution will be far-reaching. It breaks 
down tlie traditional boundaries that now exist for- tiie han- 
dling and processing of institutional data. It also changes 
the role of the administrative office pioneering tliis 
approach. These new roles are impor'tant and ai-e discussed 
in Ch.jpter (). 

Vol (JO added data handling . Data should flow d i rectly 
from the source (origin) to the individual adding value to 
the data. The last individual adding value to the data 
should have the responsibility of updating the data base if 
the data base does not alr-eady contain the information. 
Thus a financial transaction tha\. originates from a depart- 
inen t might have value added to it by the accou nti n g 
depcU'tment that assigns an expenditur-e code to it. Notice 
the emphasis is on adding value, not control. Controls can 
be dir'ectly implemented in the data entry pr'ocedure par- 
tubularly if it is an online pnocecJure. 
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The flow of trvinsactions sfiould be examined. Tiiis 
c.ui be done by ex ami n i ng 'docum^n t flows. All the "stops" 
in the flow should be identified. Tfie question to ask at 
(Mcli stop is tlie following; assuming that the transaction is 
within prespecified guidelines (does not roquir-e exceptional 
handling), what value is added to the transaction (not con- 
trol) tit eacii stop^ If no value is added then it is safe to 
assume that the transaction flows through the particular 
stop only for- i n for-mat iofia I pLjr-poses . In such a case, the 
stop stiould be a good candidate for elimination in the for- 
ward flow of the trnnsactfon. Forward flow is \he flow of 
information pr-ior to completion of the transaction. Informa- 
ttori r-oc^ui r-(Miu.'nls slunrld be met by tfie rT.ver'se flow i.e., 
actions tliat ar-o subsequent to transaction completion. For- 
ward flow may be considered as the flov/ to the compLjter' 
before and during the tr-ansaction processing life. Reverse 
flow IS the flow of information from the computer after the 
tran';,iclion processing is complete. 

Do'.>ti nation point document generation . This is per- 
iiaps the most irnpor'tant and cou n ter- i n t u i ti ve strategy for 
systeiTi design. It has already been r-ocommended that the 
data sliould be captured at its sour-ce, and that only those 
individuals who add value to it should handle it in its for- 
ward flow. Wtiat aboLrt the paper' documentation? the audi- 
tor's? Conventional wisdom is to generate the document that 
supports the Ir-ansaction at the source of the transaction. 
The soLirce of the transaction is very likely to be distri- 
buted acr-oss campus or over a lar-ger geogr'apfiic area. 
Generating the trar's action at the sour'ce requires tliat the 
forms and tlie r'equired equipment (printers or- other' har-d 
copy rlevices) also be distr-ibuted . The better- approach is 
to c,iptur-e the tr-ansaction on a ter-minal at the source and 
gr^norate any requir-ed docurrient or- paper- tr-ail or confir-ma- 
tion slip at the destination and r-eturn it to the source. In 
this way the cicsti nation becomes the single point of docu- 
ment generation. This allows the destination to Lrse high 
speed printing and pr-ocessing techniques to gerr era te the 
required document. This idea has been used very success- 
fully by stockbrokers in transacting financial business for- 
their custorTiers. Electronic fund transfer systems also 
depend upon this method of tr-ansaction confirmation. 

One important point about this approach is that signa- 
tures can no longer be the method for- contr-olling the valid- 
ity of the tr-ansaction. Since the docLjment is generated at 
the destination t'^ere is no paper- at the source to sign. 
Other- methods have to be used instead of th'? traditional 
signature. Individualized passwords, magnetic credit cards, 
oleclr-onic signature ver-ifications , post processing confirma- 
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trons are amongst the techniques used for subsitution of 
signatur-es. More options will surely he developed as time 
rjoes on. Meanwhile, tlie adoption of destination point docu- 
fTinnt gener-ation can be a money saving and useful proce- 
dij ro . 

Online versus batch. The economics of computing are 
such thai online systems tu-e more cost effective today. 
Terminals ar-e gntting inexpensive as are data storage 
devices. Tliere is greater overall efficiency in using online 
procedures even though Uie proponents of keypunching will 
be c]uick to point out Ihril keypunching takes less time than 
dirr-ct onlifie daln entry. II is, of c.our~se, true that key- 
punching t-jkes less tuiuv Howovei-, in online data entry, 
valrdity checks can be m :de at tlie time of entry insuring 
tfiat data are liandied once and only once. This is not true 
of a batch op(?ration where e-'ror' handling procedures are 
thfMnselvos f^rror prone and cumbersome at best. From an 
overall sysl(Mn perspective, it is more cost effective to do 
as much of the process online as possible even though the 
data entr-y portion may c^ppear to be cheaper by keypunch- 
ing. 

Ther-e is an ongoing belief amongst data processing 
pr^of es CI ona Is that some operation s are i n herently ba tch and 
others inlier-ently online. This is not tr'ue. V'vhether a 
function is better' perTormed in an online mode or batch 
rnOfJe depends entirely on how the operational system is 
conceived. Gr'ade reporting is generally considered a batch 
operation, but sev^eral schemes can be devised in which this 
function would be better performed online. Assume for the 
monient that all students have terminals - an assumption 
that is not too far fetched considering that Carnegie Mellon 
will soon bo r^equiring all its students to have personal 
computers. Given terminals, gr'ade r^epor'ting does not need 
to be a batch process. Students can simply r'eview them 
online without the need for' the grades to be primed. As 
we said ear"lier\ the rapid changes in teclinology compel us 
to examine and periodical ly re-examine the cu rr-en t p roc- 
esses to insure that we continue to make effective use of 
the tools available to us. 

Operational responsibility and control. The computer 
is a tool, no more special than a telephone or a typewriter. 
It is different but rio more special. If it is to be viewed 
as a tool, it should be used as one. Administrators should 
integrate this tool into their operations just as they have 
integrated other general pur-pose tools into their operations. 
The day to day operating responsibility of the system 
should rest with the office char'ged with carrying out the 
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function. Thus, tiie registr-ars office sfiould run the 
registi'tUion system, the accounting office tfie accounting 
system ,ind so on. It is entirely too easy in most organiza- 
tional str-uctures in existence today to blame the computing 
center for missing gi-ades oi" late cliecks or other misliaps. 
It is no longer necessar-y for- the institution's service 
dcpa r'trnen t s to delegate computer- related operational 
r'espori s ibil i ties to tlie <iaministr-ative data processing group. 
Witfi the increasing complexity of our information systems, 
knowledge of the application area lias become at least as 
important, and per-haps nior-e important, than knowledge of 
tlie computer- system. I'hus centralizing the oper-ations 
function of administrative infot-rnation systems is no longer- a 
satisfactory or cost effective mode of operation. 

The decentrahzation of computer talent into the opera- 
tiorial areas can only be acliieved if the systems ai^e 
designed vvith this objeccive in mind. The systems have to 
be designed on tiie assumption that those individuals liaving 
t-L-s pon s ibi I ity for- their- operation will have no knowledge 
Of- at b.-:r,t a very minimal knowledge ot computers and 
computing. This assumption necessarily results in tiie 
development of systems that have very dear man-machine 
intet-faces, Such systems will ultimately result in tfie total 
decent ral i zatron of the administrative data pr-ocessing gr-oup. 

Simplicity . Simplicity is the key to the development of 
successful MIS. Keep tho cJata str-uctures simple, keep tfie 
displays it nc I uttered and simple, keep the process simple. 
Build complexity wher-e needed thr-ough the use of numerous 
niter-connected simple components and coricepts. One of trie 
nicijor pt-oblems in this ar-ea lias been the data base manage- 
ment system itself, "y'he DBMS in the mar-ket today vary m 
degt-ee of complexity but ar-e all quite complex. IMS is tlie 
most pof>ular^ amongst DBMS and perhaps tlie most complex 
to use. Data b.jse systems c lj r-rently in use a re based on 
either tfie li iera r-ch ical or tiie networ-k models. Ther-e is a 
simpler, easier to understand tUid rTiore elegant model, due 
to E. ^. Codd, called the r-elational data model. ^° Tlie r^ela- 
t ion a I model consists of dr.ta r-epresented in tables in nor- 
malized fo r-m , Or-igi nally Codd def i ned tli ree normal forms 
of data and named them fir^st (iNF), second (2NF) and 
tfii rd (3NF ) norMnal forms , These fior-rnal forms help i nsu re 
that the tttbles ar-e reduced to their smallest and simplest 
components wiUiout any loss of data or associations amongst 
the data items. Subsequently, Fagin defined the fourti". 
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ti rni.il fiifin (4NF).'^ The gr'ea* advantage of tfie relationnl 
til' iol IS that data is repfeserUod in tabular' form; it is 
urnicrstood and is vt^ry easy to rnan ipj u laie . All data 
■ u-'^ f'^; ) r-i> sen t i.uj in t li o o \ a ct same form so that there is no 
I n "• r^'ri pci C'j[n;"j|*'\ ity v.itii inr.reases in size or volume. 

I [lere .;r o at least t\vo c<:)rTirnerica!iy available DBMS 
.I'ios thdt .we based of^ the r-elationcii model. The first 
;>.^fkci(;e Oi-acle, (Relational Software Inc., Menlo Par-k, 
< ".ilit' wnia ) , bec.HTie publiciv' available in July of 1930. A 
i-'w rni^riths Idler, in December 1980, Ingres ( Kelatior^al 
T ech o'lk'g les , Inc.) became available, It appo^-^rs that Ora- 
r.l'- IS .1 sfHiu'ff oi I FV,1 s rol.it ion a I pr''>ject called System R 
b\- I [ 1 'i LJ s t f-y watcher's. More recently, sp\'er'al hardwar'C 
\endors have annijunced their own r'eiational data base 
systems. The leiational data base is an emerging technol- 
'':;y ih.it h,)S t.ji'e<jt potential if the associated performance 
fT'^bh'nis .tre wor'ked out. One major challenge facing the 
; ■ r 'f i • . M' 'f , ;\ 1 1 1 be the rrt i <j t 'a t i o n from existing systems to a 
M ■ 1 1 i i.: i I iri 1 ci base sy s tem , 

At pr-esent, relational data bases offer the only hope 
of recover-uig from the losing battle of software develop- 
iTi'-rit. Because the\ a r'e easy and simple to visualize, they 
r..irr\' the potent m! of user developed software. If this 
di'es mater'iahze, it will have a revolutionary impact on tlie 
usf^ nr^d user'^s of CjrnpLJtei'S . 

The Data Digraph 

The data digr-aph is a rnodei for the design of online 
(irita access systems,^' The mode! is based on r-epres en t i ng 
.il! \\]f' fiat a as an inter-connected graph. Graphs a r-e dia- 
grcirns co n s i s 1 1 ri of nodes and arxs. If the arcs have 
directional o r-u^n t a t ion then the graphs are called digraphs. 
1 \^o smallest unit of data in a data digraph is a scr-een, up 
t') 1(> lines of data that are logically linked togetiiei and 
di^".p!ca\ed as a uriit. A node of tfie digr'aph consists of one 



'* R, Fagin, "Multivalued Dependencies and a New 
\-irmal hor'r-n for Relational Data Bases/' IBM Research 
F<op'jrt RJ 1812 (July 197G) . 

Tliis section is based on some ideas used in design 
of a hbr-ar-y system descr-ibed in "Design Pr-inciples for b 
Cnmp r'eh eris i ve Librar^y System" by Tamer Uluakar, A. 
f^iorce and V. Chachra, Journal of Library Automation 14 (2 
June 1981 ): 73-89. 
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oi- niore s croons. The ^ircs in tho (liijr-af>li (ire tlic online 
(■t;rv,rii,ifitJs tli.it ;*>ormil thn user at c-nf nodf to acc.oss data 
in .tnotiit-M' r)0()o fnoS'incj t*:- it. 

I h irn pI^Mne n t.i 1 1' )fi of <t t J.i t a rj nj ra ^ > ti r(»q in res .i sot of 
• mliiio ccmuiin nr!s . All (Jiilinf c.', irnin.i f i ( Is aro eilhor (:}|(:)bal nr 
l<i(,.d. Glohril ccniinands in.jv -J^' fntri'nfi dt .\\\y time tor any 
rfM^-<">n. A lor.nl c^'riimand is loc.il to tiuj iK.>do or' screen 
C\\ r ffMi 1 1 y ncj riisf >!<iy cd . 

()loL)al comma n (is ar-f ot twc) typos: searTdi comma fids 
and p r< 'Cr-, s I ri(j ci-mnia n t:ls . f r-r)ces s u) 9 conuna n ds i nit 1 a to 
pn 'T.^'--, SOS liko . jr(,p» ciinr'st's, arid coursf^s, cJelote name, 
cli>n)r;(» soc^nrity. sf^t p ,t r.iinot o r's , etc. Soarcfi roriiniands 
fiispiay ,i scroeo of 1 n f (.iivna t ion ttiat satisfies tlie seaccli 
a r< ; unn ' rt t , 

[ ' )t .! I ' .1 Miiin.Hid s <i r'<' (jf t h r'oo types; traverse com - 
fiMfid'., p' ;in'j C' 'infiMfids ,\n<l t r-a n s ,iC t h ai s . Assume a rjlobal 
•><'.ir-(fi ■ . .Kiih.Kid IS loa-d to diSfjUiy ,\ roijuirod screen o( 
d.itej . ] \\r \(>(.,\\ t ravorso comma rids ilien take t iie user to 
othoi- r'oiatotj scr-eeris of fiata allowing the user to access a 
not'A'ork of scr-eons l)nloru}irin to (Jiffei-ent nodes. Traverse 
(MinniiUids tfiero take you f rc»m node to node. Pagnig coiTi- 
(iiapfis make up tfio t(Mnpor-ary local filing system for tl^e 
usfM". fduM-o are tliree cornmarfds that ar^e '-ecommended , 
I hosf> aro NS (for next scr-(,^en), PS {for previous screen) 
<ind s [low (for (displaying t hf> p rv^sont ^ r-een ) . Eacfi t i me 
tho amount <.)i data to l>e displ<iyed exceeds tiie space on a 
s( r'oon It IS [)r<jkon down into pages that ar-e accessed by 
usnicj tlio N S crjmmand. Tlie f^S convTiand acts as the local 
nionior-y an (J allows the user to go back along the sea rcli 
path oithf>r to rnfrosh Ins memory or to choose alternate 
sorjrch dirof;tion. The show commrmd displays Uie current 
sci'oen and is vory usoful after the "help" command. It is 
also useful after (Jata entry wIumi t lie ^;)f-eseri t screen is no 
|r, n q o r in \' 1 o w . T r . i n s a c 1 1 o r 1 s activate f-o u 1 1 n e s to delete, 

ov modify t [ie data of the cur-f-ently accessed screen . 
Sy s toftis {J(»s I gnr^d with tins concept are as easy to use as a 
htqinvriy map), wlncfi they wet-o rU^sigfiod to sirTiuiate. 
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"Her-e's a good rule of thumb; 

Too clover' is dumb." 



Ogden Nash 



Scheduling 



[ vf-r\ :';i:'it ij:-MM- r-'inn m j t ^ - r s, s^f'-rii sc^^'or;-)! IpVf^ls of 



-T's, f!isk, t'lf-u^ r*tc.j hkkU bo :; iuKi li I r-rj ior access in mul- 
1 1 p j'orj rdnuTii rt rj et i v i rorinip:i t :, . V i rM ufi I s to tm^g systems m u st 
srfiociulo rnal storvipe for occupancy by applications for dis- 
cretn tirne slices or cstriblish somf priority of inter^rupts. 
["hnr^p IS always an implicit scheduling of application to be 
p roc pssnd by the Cent ral Processi ng Unit, 

AM tlieso implicit schedules are quite explicit to the 
designers of tlie control softwar'e. In fact, their construe- 
tiori is one of the pr'imar'y concerns in tlie design of the 
operating system. The overall processing efficiency of the 
computer- system is dependent on their "intelligence". 
Poorly conceptualized scheduling algorithms can even create 
lock-outs which will bring processing in the system to a 
standstill. In virtual stor'age systems, poor dispatching or 
swapping algoritlims may lead to thrashing" whic'n so mag- 
nifies the system overhead tfiat productive work on applica- 
tions drops almost to zero. 



I ; n; ' 1 1 M 1 sr. I 1 u i i -i < ; ,i I ■ V-'!'' ' ''"<>' s 



f\'' r-i p \) r [■"1 1 r] tc OS ( p i-in t - 




Mh' \ 1 1 . |. i r ( i' i\(A ' i'ms' I f i f ' c u s t 'jiTi l<) i If wfd 

S( [ It". ! I J 1 1 1 K j li' iiJi c.i ' t o[ti(' r , [>[it r,itlior' (.ie\'e!ops dofruilt 

' 1 1 f' I u i 1 1 1 ( ; ill ti'ffii'; !-,( li.n*- lio prM'CfM \' f the ^ystPin will Ijn 
' ; ' * f 1 1' r 1 i h, ij.i'i!, ,iiuJ ()f>>\uj!'S h'f>l-.s I'lr the ust'i" acCf'SS 
.iii-i iTi'.':i(\- tfi.' (i.'t.iult ,tl' I' ' I'l t hnis , f r'«-r;ijnntly , Ihcst? 

t p " ' [■ . .1 f • f " M r Hi t I)" I' '! ) >[ 1 1 ri >i I <i n • j M <i' jn " w ! i f - t^o }.) rn v i -• 
N I ■ ' f 1 I i; I. ) 1 i I )T 1 1 ) f' u ■, ( ' f t' 1 I '\ I ' r rit Jt ' fj I'f ,1(1 1 1 s c h Pfi u I Hu; 
V. ith •'•f'li'.it f\'ii tiiii'' M h'-' iiiliiH ; . Mitiy r>f the rJnfauUs at'L' 
<'M.iMir.h".i ,a tlic tun.' t(i.^ ^ystfiu is imlidlly i fi s t -i i loci by 
till' I n '-. t H 1 1 -i t M 'I I s\stf'fn ; ' r'oi ) f.iinin 1 ri( } staff, Sijiiio '>f the 
SI. 1 1 .'.• : I ; 1 1 nt J .i i > > i i ; ii'n :. (.iii !)f' ( i i ,i r i ' jtv : rmly l.)y itioiJiiying the 
t ' .[ 1 1 ' I * w ,i r-f ' h '.t s r '( I 1 )\ 1 1 u ' \ I 'I I ( i'") r- . [ I s last course 
.1' ■ ; ■ ■ f 1 . 1 M ■ I J ; . ; ; !• ■ f. h > • ,t m i ■ .i 1 1 n t t , . f (, ,■; rcf u I (j'lj i s i cit -r-j l h )n 
' r t .' I ■ , ■ ■ " - • ■ ' : I J ■ ■ [ < i " . ! 1 1 ( h I [ 1 r 1 1 J ( ! ( ' f ' ■ ' t •■ ' 1 1 1 M I J r( I ^ ■) I n rj of 
\ ' ' ru ! ' r s ■ ; I .ir* • . 1 1 ; • ; > r t , 1 1 on t fi v i •! I rj.'inph ci t irtn s in 
Hi St. ill lie; ri"\v f • I r m ., • - ■ , (>{ thf^ op e f.i 1 1 n system .inrl a sigrii- 
ii' .lift ''II I'-MMj ' 1 1 V. 't rt ' riM ' 1 1 1 1""' n .Hu.f pn">blein. 

f ' ■ ' ■ ■ , t r ■ rt":!, , f I ,1 r 1 ( ! i i ' r i ( "p I ij . f 1 1 y 'O rnp Ir s t \', ,> \' to 

. 1 p ; ' ; I ; - 1 * I ■ I ; r . , t • . ■ . i < p i - ■ ! . i p i ' i - > i ■ k , i n < n is, ■ i 1 1 1 j 1 1 h ' r i f , < 1 1 
( ' . ' f I ' ■ J ,1 1! y . th-' hir-pT the nuiniu'ip tho hK]het' the 
\ . . ( 1 1 V . M I ' M u III-' f : ; .<i I \ ,1 h 1 - '•.. .lit' ■ > f( h i 1 .1 1 ,1 1 1( J H priority 
\ .1 h)'- \ w II . ' t h -1 1 -t ,t: I' .! h' ■ r - -t 'S n : i n< ! i ( -it t h ri t it is t \vmu.» 
,(s iriiO' .1 n t , ' thrit in -in '■rdiiml ■-. ''fise it is tii()|-f^ 

rnp- 'r t .1 f 1 1 .ifi -ii'v t.i'.l- V, i 1 1 ) .1 h'W'.'r pri'7rlt^>■. 

! h'' iiritiii-c i 't s\''.tfnis li ri r( ! V, ,1 rf' is SMi.h th.it we 

(j'-n.-r-.i! hy - ! I ■, 1 1 M ' ) 1 o V h 1 ) ' ■ ' v. • '' - 1 1 tiie or -i p p! i t.-i t n.^n f)ri')rity 

.iM'i 'lit' t o, k pri)rit\ . '\n\> i"\> t:(*mp rises iiujin^' t-isis, 
r'-.idifc; t.i;>f'. s-'fidmij hn*"'S t' ' tfie [(rinter, ru.'^UM'nK) r'e.il 
s P ' r.ii i'P .1 r.f .f^s s i n r ; r - p ti - f s , etc. 1 o of.' 1 1 ini / f - the u 1 1 h / m • 
tr>n iM till' n i w <) f r.-s.-.u rr.p [s in't tlie s.itno as to optnni/e 
till- 1 1 J f II ,1 !■> )' J n f ! ( '^ jt )h s f .. )M s* p J e n 1 1 we h <i ve a situation 
>>i (.''»[;• p 1. ■ y ,iie ! i n t f • r a ( . t i n ■ ; t isi' i.- f .f ts . ( Jii r first .inrj pj oh 
.il.iy ni"St (iiMieiilt t-e', k is th.- (!.-tiniti"n '>f pri'M'it^' and thr' 
rr;,ih wf v.ish preiritv s c 1 1 . -(J u i i f i ( ) t-' .e.C( jinp li s h . Th^-se 
<;omIs \mII inst.ilkiti'..fi depenri.-'iit <nif] rdujijld reflect the 

1 [ d ' , riiM t i"r I syiUeins pf 1 1 loS' >; > h y rind ni«i n rKjfMTion t [Ko'cep t ion s 
r,. t le^ tot.il n r^qrj n I /at I'ln . [hat is, t luw proh.iLdy slK.)uld 
not he set [ )y t hf- I n t 'i riiM t ion [ , t ems L'^epa r t men t alone, 
I.) I J t 1 > V t h'' tn.i II - tr jeinen t s t ci jct i j re of t h university in con - 
' r t with the i r d n riTUi 1 1' a) S s t em s [Jep«i r tmen t . 

If the I n t ' ) rana t nsn S s t em s [ )e,o,i rtmen t , or at least 
sonu^ siipidK.ant sefjiiirait ni it, is seen as a )olj sho[) then 
fM'od u c ti':)n sc h ed I J h n f] will he i j '.-.fd u I , In ma nv>' cases the 
p .(.! iJ c t ton schedule may l)e iifst usefully antii^'zod by 
liOMtiO'; it as a project netwoid-. nnd using critical 
tr.'c h n 1' ; u(^s . In riny (.,tse, it wdl fje iiecessar^y to identify 
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tlw-» !l<»:;Ls, <u.l i\ it ics ) tli.it in.ikc up tlio ; j rr -(J net ion 

[ 'f; " I' i ' ' I ' i iJ[>')n tho \,\iM-|- f.\(:lo in tlio 1 n f ri r'rn.i t K.m 
Ss t'Miis [ )t'; '.n-tiii'Mit ( iHui V, iit't lit-r it ''f>r'rriips on h i'\'on 
V, '"•''!•. , t!)f(M'' sliift li.iy [),isi:. ), tlio leiifjtli of n j.)r :.^jocl 
SLli'siiilc V. il! f-. t,*:>lislT^(!. \ sr.[u?c'iulG is tvpic£illy 

iM.n.it' u [ 1 for ,1 wcr- k .i 1 1 luuj< j li s<^)nie opp t^Uion s pj r'cf o r' n 
Ml ■ M t ! 1 1 \ s I. [ u»( i [J 1 f> . All (jf t h f.' activities to bn op(?r\"i ted u pon 
( ! I J n n ' J t h p s c luv i i j | e must L) n on ii nirMMU'tJ . This gon e r<'i 1 1 y is 
(' X p'M i 1 1 cci by o , iiii I ru'j the ( joi w tic -h. t i v i ii g S ( pay r'o! | , 
dcf ' M 1 1 1 1 s rr-( o I \ ,i b I f , f m rc h a Si' r> w] ot's , gIc . ) and s u b ^ rui ni - 
b-M-in-; thr- . i ■ . 1 1 \ 1 1 1 ■• s ifi tlip ffcnr-fic ch-iin. The tc4ality nf 
ar,t;\ iti^-:. r.- ; i j i ;-:;-d tr. pr,,r"ss tiie payr'oM nuqdt be PAN' 101 
thr-oijrjh PAN 123 23 ciiscrete activilics invoh.'nd in pr'ocoss- 
I f I t \) o f >a>y r* >l I . 

V,e m.mmI M*'xt to pstablish tlic procedenco requi ,-Gnients 
[■a- .\\\ 1 1 \ 1 1 tt'S , I.e., which acti\'tlies must pr'ocpde this 
,:i P V. Iii-.li r!i,i\' lu t stall ij 1 1 1 1 1 it IS co[7T;:»tptpd , arirj 

V, r 1 1 ' i 1 Mi.i \ b ^ PC 1 J I (M 1 I n t ipfjen rjr^n t ly of t tie g x ec ui ion of 

this at-t''. it\ . Id I:^ulv cases t h; : s analysis will Gxposp all 
iMai;tiiM" •:>[ tl.tv, s i:i tho dpsi|';n of Iip system, op at least in 
th'- ni' 'd I ! K.a t !■ If r. tliat li')\p br^'Mi mado siriCG it was initaUy 
<-'.•' \ f-!'-^: M'd . 

At tiip s.iine tnne Wt" rp.^ed to ideritify tliose cesourcGS 
Pl.t' irir; op «,ajr \'.)b shofj. Sncli r'esources miglTt include 
d-it.i .'iiti'v (!)(..th input and v p r 1 1 iCri t ion ) , r-nn control, CPU 
, , f s Ml q , pi'intirpj, brpal-.down, dist cibu tion , Gtc Each 
,!..ti\ity in i.rii- sciipf!tj|p must bo tagged oS to tine rc^sourxes 
it ra"v-;uirps. Ad r ! 1 1 1 r ai ,i ! i y , wp must estimate the quantity nf 
e-itdi ;-ps( .'1 1 rcr ,iva!la:>lo tiurunj;^ the time peciod of ouc pco- 
( ; u t If a 1 schedule. f^v f -a 1 1 s t ic estimates of resou rXG a i i ab i b 
ity ui!l L>e spn;utive to equipment down time, operator' 
e f f c c 1 1 V n e s s ( r i '"^> i:>ori y a c t u ally wo r' k s G ! g h t fi ou r s i n a 9 to 5 
ci a \ ) . etc, 

V.'ttii L)otli tiie activity precedences and the resource 
cpjantitips determined, we next proceed to estimate the 
r^-sources consumed by each activity as it is processed. If 
tlus information is not currently available it will need to be 
devploped by tracking the activities through several cycles 
of Ihe [unductiori scliedule. We need to be careful not to 
be overly optimistic as mucii as to avoid always planning for 
the worst. Keep in mind tfie point that the scliedule is a 
plan, not an obser^ved fact. The schedule is not immune to 
slippage, but should help pinpoint critical activities in the 
processing chain and more clearly show the future impact of 
cu r rent s hf:>pagp . 
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Critical Path 

f r-<u; I J "M 1 1 V , fpsult^". rif t lu^ init.,l f wt u 1 u c. 1 1 o n scJ^od- 

.1 rt' ( ji J 1 ; x'f (M'Sfv \', f ( ! I \ (.« )\'f' f Ui.it 111 <jr( ! or- to jua ko 
' '\ir d' -.i; ! 1 1 n we i iiM.-i i t' • u s * » nn > r"o of ,i ; ^ ,i I't ic u I n r rnr.ou rce 
•'fi .i 'jivfT) ('!<)y til, in ts . i \m 1 1 ,) M f ' . ()ft(Mi \n r clisr.ovef tlu'it 
fr Ml r'' u 1 1 1 1 /<i t i' >n I'.; (jijitf* \,u-i<i!)U^ thiT..ii(]h tlif^ poriorj of 
thf' pi-wdiK. tion S(:li.Mi[ji(>. 1 his l-Mcis to fX'ok IcirJ st.iffing 
Mild s 1 ' ;ni I I L:,m t u r u ItM-u 1 1 1 1 /,i t n.^n of rT-s<ju rLo:^ in ot'cirM' to 
; ■ ! f!ii t ni'-(,' 1 1 n ( J citM 1 1 1 1 r i t^s . 

V, h,)t v,r MP.'d IS ,i stiMtt^s.jy for [r>,u'J balancing which 
1 i ! h . I \ I ! I . ! ■ 1 r- [Ml n 1 } im ; - .if t nn ( it - .i d ! i f u-s . If vvc w i s . i 
t • ' r.'Mt.^ <!s :;nif>ii-(n \-<--\< >^ n-{.c Icindinij ; 'S s i !.>I p wo rTurst 

!)»■ p r*^; '.i j to ruljust tfu^ tifiio wIkmi activities are pro- 
i'".'.'-d, Md )i'M:t to n( »t ^dt;"jr)inrj t!io dnad lines that estriblisli 
til'- hcdiih', I his IS p'")ssi!")ln ordy if there exists shick 
1 1 I'D'' in ■ 'fi o lyr ino r'(^ of Mi e activities rn a k nuj up the scdied - 
id'> -X'l '•■itr' pif \ lew of \\\\\ n \' i n cf^ iis that therf^ is 

ir ; h'j '1. ■\ '-(heduh- volh 11'^ '>K)Ck .>nd the Lor'.'Ikiry 

r. di.it :ii'M-t' IS n<i schef.iiii'^ t!iat uses lOd,', of tlie 

f' )l ICu '^S . 

I hf> : ' i i i! ) hMii n S >e ,i 1 1 .k. k ed kj\ constructing a daily 
f'S'iiice I J 1 1 1 1 / .1 1 1' in f»lot or- t.dile for' th^ penocJ of the 
s^h•^d;JIf^ for <mc[i resoiircfo I his plot will typically sliow 
pf'^iks .ind >v,ilh^ys no pt\jk can be larger tfian H)(]\', or tljo 
St lipdule ;s not f(MSibln. A relative rne.isur'e of tfio 
I t ' M H J rcr n 1 1 h / .i t i(.)n l^a hi n ce is the sum of the s c] i ja res of the 
(l.nh, re'^f'iirce iitih/.ition for the period of the schedule. 
\'''.' inst.incf\ siif)pos'"^ wo have a t[ire(*-rjay schecJule Witli 
ri 's nij rt.t' utilizations of : > , 11 ruuj S on t fie t h ree day s . 
I iioii (axi) * 1 I >. 1 1 ^ 8\8 -■ 210) is a riieasure of the 
resniu'ce I J ti 1 1 / .i tion balance. Any schedule witli a lower 
sum of sg I ] a re s is r\ s n pe r u.^r schedule in t fM'ms of t:)akin c i n g 
tile re s^iu r CO k jad i r, g . Tor instance, a s c fiecJ u le of G , 10 
Hod o {(]\C) • lOxlO^* Pao ^ 200) is bf^ter and a schedule of 
. .uid r, (192) IS bf>st of all. With the criteria of rnin- 
1 iTi I / I n g t h o sum of s<"; u<i rn s , we could begin shifting activi- 
ttos <u'ound so c^s to acditeve better load balancing. 
ll'AVfA'er', we run the risk of [balancing resource X at the 
f^\;>ense of greatly imbalancing r-(?sour*ces Y ancJ Z, As the 
I n t oiMC t 'on s b^^cojiie inoi'e complex, tt probably behooves us 
to find ,1 niore f o rin<d tec h n i c; u e wh i cli can be written as a 
(.f M 1 1 1 er a I go r 1 1 hm . ' ^ 



Joseph Mcider- anrj Cecil Plnllips, Project Monogemcnt 
with CPM and PfRJ (New Nork, N.Y.; Reinhold Publishing 
Corporation, 1903) . 
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SHIFT ACnV!T:E:S SO A^" "0 ACHjEVc a PEAStBLE SCHEDULE 
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M.iriN Sf lit'fhilinij r*-:,! mi r-t.c ,) 1 1< n ,i 1 1' >m [w.-IjIpfus .iff 

ii,f|i)IK r'>f)rt->fiit(M] ,is ix'l w-fl, . "^JftsMTl. ri ii ,i I y i i \><ir[ 
. ,f { li ' ' f r .t [11,1 1 t riK t iin^ i>\ (M.it lu'in.t t u.'-. , s u 1 isuinpcl in t ho 
,11",) 1 .r, ^ ] |-,t; J I t liri . \Vt' wi 1 i ( "D trii t i )ii rscKw-s 

V, itli .1 III', re '■,['('(• I f ic i't'il, ,it ni't\S' >fl s ,is thry rcl.itr [o 
;,[.,)■>( t [ii-iiiM' ;/'in"iit . ■\s\\ ['fcfft n).i/ ! m» c-.-ns k ior»^(l t-.) 1)0 
i;i,i,!t' ii[> '>t iiMhiUf'ly n !. ' n 1 1 f I <i; >h' .w.t r. 1 1 ips , tlu» sufji of whicli 
; . .;r..t 1 1 ij to the r"' >)0(: t . An oritifo l>us)nr';-, ini()lit l>c> i.^.o^k! 
.'[•''(1 pr-.jf'ct, ' u- tlu* I >u sin OSS ntnjht lio tio.'iKjIit <'t .js tlo^ 
Mifn "f .) nij{Ti!)t>f of f)f<.'j*'t't^ ■ J '^f' (]i\'is;(,in is ,ir[)itiMry -ind 
U.'r, ifv j tor tiic i.on \'<Miionc(> of tiio .itiriiyst. Sirniiorly, tlio 
.iiti\iti'>s (■>oiii !'»' (I iin[ x^soi 1 fr-oin s 1 1 1 1 >if 1 1\' 1 1 los dwd so on. 
It v,ili Mitli'" f'O- (.or initi.tl ; Ml I i Im 1om|, ,it 'Mily t\^<:' 

t-\o!:-, , .) ;>r-.H,'(,t .md its (.'jii s, 1 1 1 o . • n t ^i:ti\itios. 

•\( t rv 1 1 \ [.)os(; ri f ' t ion 

A Kf>v->tti;ko tiriio slioot d.it.t 

I' Koys. troko rii.istof ac;f,ount fiU* u[)(Jcitos 

f ■ f \ 1 1 n <if (OMi n t b r'o.i Loot s 

I-; 1 1 ( , t iiri'- s o \ ^ I ii ii 1 t-t'i " irt s 

r i fin 1 wt'oK I y (U.(a.mi n t s u inm<i f i os 

\ \\\\u ' )\'0 f utro corrif )fMi s ri t ion r or>oi't 

(\ \\\\\) ni,o-.tf>f file upHnto 

II f< 1 1 n o X cof > t lof 1 ff^pM r't on nui s t c r f 1 1 f 

I f'rcp.ifo now tnnstfo- filf^ f^->r- A R systorn 

J f\ijn [)fiyf(jll chcLks 

[tie .i(.ti\it)os iruiktnq up tlif^ f}fojpct ni.iy \)0 tliouojIU of 
,)S ,\ 'jf'ipk NNitl) no(Jf^s , rnp r-o s en tmg tlo^ oriel points (itiiIo- 
st'itif's) r)f ,-if.tiv I tiPs .inri rjifofdocl, connecting hnos fopfc- 
soiitifoj tlio .u:t Initios t li ofiisol vos . kho ff^sultinrj gr'apii then 
[)' jv; s t fio p r'pcocion CO r oq u i f oitumi t s of the network. Corn - 
s I ( jfr t lif> f oi knv! ru ; dose ript loii of ;\ nntvvof k fof t [t o acti \' i - 
t los s hov/ n .1 [ K,vo , 

Activitv' \.-. 

A 1 

W 1 

C 2 

[) 1 

[. ;) 

F A 

0 [] 

H 2 
I 

J {-> 







Scfiod 


!;ik> 


rM ; 


u 1 f onv n t s 


') 


\i.-iy 


; 1 n 


with 


t h o p r-ojec t 


•J 


\k.y 


hfHjin 


witii 


the p r-Qjec t 




Mny 


b oc) 1 n 


af t Gr- 


A 


coniph-'tos 


•; 


Xk-iy 


bo(ji n 


aft Of 


A 


cornpletos 


i\ 


May 


b Of j t n 


aftcM- 


C 


o D corTiplote 


(3 


\Uy 


! ) c^ rj 1 n 


a f t e r- 


D 


corTipletes 


G 


\Uy 


bocji n 


af tof 


B 


conipietes 




\kiy 


\j '*rjl n 


after 


B 


coniplotes 




May 


b 0 q 1 n 


aft Or- 


H 


cornpjiotes 




May 


l">orji n 


el f t o r 


G 


, F b E cornpl 
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A 1 I 



"r.OD 



ii: 



O 



103 



3r 



'z\ ) ^i^^ 



-C^-^ 



A^^ -117 



ACTIVITIES 
:<r:' STROKE 

t:me sheits 

MASTER UPDATES 

RUN ACCOL?frs 
BREIAKOUTS 

RUN T]^{E SHEET 
EXCE^TIO;;S 

PRiNT V/EE.^L'-' 

^jummaries 

run overtime 
complnsat:o:j 

run master 

UPDATES 
RUN MASTER 

ExcEprio:is 

PREPARE 
>JEV/ MASTER 

PRINT 



;JAME 

p A^Vlp 1 

p A/r'2]l 

PA '-'30: 
PAV302 
PA v.- IS 
PA '-'117 
PAV'^S'j 

PA^-'eo: 



2CHEDU:_E 



a 

16 
6 



AFTEK PA'^IO! 

AF^ER PA'^2I1 
A:JD PA^2I3 

AFTER PA^213 

AFTEP PAv:a:5 

AFTER PA'^lOo 

AFTER PA'^'517 

AF'ER PAY50!, 
PAY3G2 
AND ?AYA:e 



Figure 36 
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t.Wll'M .1 Ml :i 1 



■ , M ii,. , 1 ;i t hi I ,f," t li ■ ■ I ■ [ . 1 ;•(.-. ; 1 Ik • i -.1 \ r. >l 1 

I [ , , i 1 1 p ■ , . . 1 1 , t 1 1 1 1 . • 1 1 1 , 1 1 1 1 I t h ' ■ , 1 1 ■ ( ■ 1 1 M ' Ml [ 1 1 1 n I ! 1 1 M 1 1 1 r ' ■ . t , 1 r t 

, ; I , ■ , , . , ; I I , I , . , , I , . , I , .1 . t 1 \ 1 : , ' I . ; \ , ■ ' t I I I 1 I ml ■ ' • Cl f ' 1 1 M 1 

,,,1.1 : . t.'I t, , ,i: • . ■. It A 1 . i .1. t I - it \ ( . !■> ''t* 

.\ - , I. ' ; 1 t , I 1 '1 I'l : , , t \ n' ,■, II : ll ■ . I ' ■( I " M I'M't t |i 

; M l - :n - ( ' i • ■ ; i I I I r ■ I I I ■ ■ I 1 t ! ■ - I U t I it \ ' ' I i ) . 1 llf. \M i M " • 

It, III till ■ ; ' . ■ .1 t 1 ; )l-f 1 , I . I,. MIC', i icli (MM r\' I' ' 

, ,1,,, ,11 , 'V, , M i. .> . i ii r. - !'■■.. rii -t l t t [n't 

. • V. I 1 I 1 - ,f, i ! ■ n ,| . i 

I ; , ,;,:;! ;i ; . ; 1 1 l ■ . I ;\ -t ' M.' , .1 . •]• M t^. ll .1^ t ; ■•. 

,t . > ;f. Mi-M f.. I-;- .Mir » • y . ii 1 1 ; > I - ■ Hft^-, mI-. ^^ . • (ii.i\' {(imu th-' 
! nn, ■ r,.^ ;i)M . - ! t. ■ ; >•■! t ■ Mfii ctt i i ,i t i \ i : \ , I 1 1 is ( h i . i (. t * 'r i s 1 1 1 ' 
, . ,;i |,| • I ..| 1 ,,t 1 t- . uir ii.-t v.. M • .!"■■( ri ; >t mi in.tt i \ . 

I _,|, v.r vmII \s.tMt to ,r,;.crl,iiri tinip res ' 1 1 rcc ! 

, ,t ! ti, ■ M- ' .-, • .■-Mi.: Ml II ii i" " I ; d .u • 1 \ i I ( I I rM t»MM t M s 

Ml, [i ,1 . (,.M ; M ■ >l i.ll M Ir.; M . !' ■■.(MM ) >t I' M IS «it t MIH' MIU.! ('M' fMJSl, 

,,th..r r<-.. ■Mf.. MSf<! S\ Ml- -Mti\ilM->, .^tc. !M(.ii llipsf 

. .fiii't : IIM\ Mi , I 



, M, ' 



the iM "t VM ' ck n,ii V SIS 



It v.<^ '!|-.tMl MJlsh h'^tv.tMM) fV.tMtMnMllMK, <MMi [ ' r ol) , i 1 ) 1 1 I S - 

t|(, . ,fn,M. ri'-, , tiMM-.' ,)iM> v. . ■ ! I l-.rn.vMi t . m .hi n ( i u f^s C)f 

II til" .fiH'l ry i\ r IrM. . ■ r'ini r ii s 1 1 c tho iMchiiiquf^ 

,;,.m.mmIK um-1 i'> (Mih>(! Mm' CritK.il I'.it!) M^MmmJ ( ( : f^M ) . If 
th,' .nif'.fv t:. fM"S.)l)i!M.tif^ V." iiMf^ tiiM \^i-<>[}\\\n\ [\'mIm.i 
ti,.[, ,,n.] Kr-.M-w W'rMMiMMM' I I ' T I < 1 J - ,-| n m I y 1 1 c p[-o(M-- 

('iirM^ : >iM^^;ij(M(-; smiiic . .1 > | (m, t i \ f> fiiM'-ttiMi, sucii tiiirurnuin 
t inM- t' . M( >M); >t('l M t he i i*-tvv -rl . 

1 liP -;i[iip|p:-,t ( .m;m i^. CI'M v. Imm-c [u^iU t ho ^jp(MnMl[-v rind 
tu; >. >i. ; \ M r,> dt-t .mmiii 1 1 1 si m, . f'if. Im M'; s' )ino 1 1 riic ( s,i v I' 0 ) 
thf inilM)! tt;n«\ v,<- v,isli < let f m-ihi r i ^ th,. «',M-lt.-'st linin<^ for 
,,|| inih'shMiPS he imm (. h fcl ; tiic ImIo^I v/f will r:<HI Ihn 

o,,rh^ CMunpiMtKMi tinif. Chir [:,) i-fMMM !(M u:m c;rMph im-c ; i j i rei; liial 
nc; ,uJ!vity IwMjin ih^iI .ill its p r M' !o cos sors have boon (M.rn- 
plntod. the lr-)n(jf'st f><ith lhf.>M<;ii 1 1 1 n(Mw(jrk b(Mn<i c;\\\(^d 
t[.o r..-ii|,,.il LJMlh . 1 hf- 0,11-1' st.irt of the nodes is e.isily 

( ,»!(MjlMto(L 

(".ivon sonm tat-qot (.cnn; ^h^lion lirno, wf^ (MMuld rietefinine 
thr \r\{r finish tinios for (\u\\) Mf.ttvily hs to nieot [ho tar'-^ 
rjot tiino. This CMjuh-J be ,u:r,oi]}p 1 1 s h tm j by cfoatinn ''^Ljal 
of our oMrly strirt fnnr.tion to process Ij^ickwMrds throuo^i 
tho nntwork . 
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' > t' '•'jN'Mltl\ ir,,-h)| t- t.tll .I'.Mijt til.' '.Lu I ,M- 

v,."'M t fi,^ ,u;d ,.,hIs M.i-''^ (of (hp Lite .111(1 

llMfML.T .>f ,,, IlMtl,.', |., .-,.,■(. IIXIK .,tlM<I tll,,t 

' ' i .il'.' • I. . >|, , it 1 I, Mt in t,'! Ml'. .J .'It ho t ii<^ r-irly sLift 



An t|, , 


( -ilS.^(! 


CI'M 1 


MS t.. 


< 1' ' with the ,ic: t 1 V 1 1 y 


t IMP", . ■ i M j.f 


t ' • , 1) n 1 n t h 1 ' \ 




ir-lnrini 


imisIm. is to .Kisiiino 


t h,t t (1 f)rii >n (• I ' 


' -wl'-'l'i^' 1 us 


u,,IIv 1 


111 thn 


t' 'Mil of t^\f)frh'nc.n ) 


f'li li.^ ',',ilh(i 


III ^ ■ 'in ; ' 1 ; t . ' ;■ 




s 1 1 1 ' 1 M •■"> 


t' iMstHnr(\ vvu 




tli.it r 


' \ f MM-h' 


'ftCf n riiniiinr] t h 




I-, t'l st.itr 


with 


f iftMt 


(.Miif n!.MH:(> tile ChU 






\t [MV 


tMll, 


(.)n tlu» 'Jlhcr- honri. 


ttir •.M|tv,,,rM 


1 ' j n n r inu_ ; h t 


. w s ; 1 J (. 


^ thnt 


n.u:h of fiis projnr.ts 


f . [M 1 in Mli r. t \i 


•inins. Its H( 


-.tiv itiP 




>ros(Mi t 1 1 fnv , unique 


1 J rp h ' n» .J in.;'-. ,)f ) 




hstu; 1 


1 ini.i tp IS inoro apprr->pr'i- 


■ i t • • : ' V. , ! ; - , 


'f St 


,,1 !■ 


il 


. t ( ■ 1 ! ' 1 i 1 1 1 1 1 1 ( . ( ) i 1 h ] h . > 



'* ■■■'J"it": -Ml'; lis n ^ { >f(,t -NJ \,iiu- USfii ,IS tiU' Ulllf (,,hn IS((. UM- - 

iM .iiMlysis. [hu ,nis(» riKist r^stiin.itos h ro nindo 

f"'i';>l" li^'t f .ncticiihuly f.itnilMr with r> t <i 1 1 s t ics , a sunph- 
^'-^s h.jsofj ufMni tfm (;h,|* Hc.trt- of the I^.Pt.j distr-jbij- 
tion h,)s [,fM'ri (h-vnh >p.M-|. The r,tifn.itor is /isked to suqqost 
^''^'^ ' optimist in, n pf-ssiriiistic .md most iikoly 

I ••H>t--.tf^c! timo ,inr] its s t. in (shird do v in t ion -iro 
thfMi r-st iin.;tP<J .js tlu- sum of tlin o[)timistic, p*^^^ ^ niii s t ic nnci 
tinio's thf^ inr.st lik^dy, nil chvidf^rl [,y six, rjnd tho pos - 
siimstif; minus tho o;> t ifiu s 1 1 o (ji vhiod by six, 

A tinip <iii,)Iysis of tfio n(^twork is thon porformod with 
-'''^^ usiric] (ho f>yf)^M.tofl tiriios computnci ns nl'jovo. if wo 
/I s sumo th, Ht niiy p.jth is a chum of i r i d^pon dnri t activities, 
wo may takf> tho varaanco of the r>a th to bo the surii of tfio 
\anancos of m. i i vu.i ual activitios makuuj up the path, the 
mean time f<-)r the path to bo the sum of the activity 
ev;,of,tfHi timos, ond the distribution of the path tirne to be 
C > a 1 1 s s I .i n , 

We m.jy now doal watli r|u est ions such as "What is the 
probability the project will take more than \ time units?". 
One must renioinbor that we hnvo considerccJ only tfie crit- 
i-.nl [>ath. Wo r.ould also investigate alternate paths through 
tlie n^^twork. 



Ibid, p, 13:). 
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Tr, ,! tilt- Min'.t oSm.mi', r(";(i(ir(<' i > mi*, ( f.i 1 1 n tM i mii' 

[ , r. p. iti( t Mil M I MM III Ir r; 1 iiiif 1 In* 1 mic ('Wi-.t r.nnl , 

♦ •x(. I ,r. < !r.i< Hum", . vv.is ir.t'<| nnplKiliy ([)y W(ifkin<j 

i i ,1 1 . I 1 I, , < -.l.iMr. ii 1 1 w li. •< ill l< ■ ( • I K)" n. ill V . I n Ui'M 

l.Mlir,. tlic '>\)\\ {' < \\U\U"\<' Mll'Mllli(> ir. In !;ll<>ft(Ml 

,K ti\ itM". "M If)*' I ntM.il |.,itli .ill h"M (, fitic.il .i(:ti\ ilM'S 

h,i\.' .nni.' Ilii.it VVr t.<in ^jrntM-.ilty tliink ^'l some \v.ty to 
,«v[,,m)iIc .iiiy ,11 li\ it\' sot n( ,i(, t I \ 1 1 I f;; . In f.tc.t, tins 

>;,.(,,. tMll\ r. lh<- II n < \in < ) n'.isoii \\\\y vvo .i(.(iuir(> >\ l.if^jcr 
( <!.it.i f'litry }MM-."nn.H, ntc . I lie [.roi.o^v'; of 

•, !i, .r t «'fi 1 fi' J 'tie I citiijl ;»<itii r. (..illf^i ( iM'Jiin<3. 

( . , ,r.ln ii.j I hi <• r'. t \m' ! tor mm.- I in> ! i .f (j"., t t im^!'' 

,.Ms, \*..' wM].ill\ tl).' inctliMf! of ; > r< .( f-.. m i r ; ,in .ntuity 

IS (.li(Mpf>st tor lh.it 'ictivity, I In s is <» form of 
o;>l mii/.itiMfi ,i!i lun'rr <isk(M] how tlnr> [ ) ,u't i r, ii hu' 

tivttv^ inii>.i( t'. tlu^ (<i-.t 'it tln> wIk.Ip pnojfct. An .iltfM-n.i- 
ti^r |[|fth'"i of pn.(.(", sun; ,tn .iCiiVity in.iy .iliow it to bo 
r < .inplrtt'. ! t.r.t'M-, l)iit .»t (■"'-t. Wn couUl iiso tlilS 

i ; t , .n ; . I . ,1 - ■ , , n M ) , . 1 >ir ; 'Ifl ■ • Mi.- •,« h.-itilo f.f.tci. ,it M'liin 
fip.v.n I IK, f . Miicf t l.ii t i'nis (A-'.,{ tMnii^i tii^Mi in' u< )iii[ > h r<" i 
t., (,th(M- ,il t(Miwiti\f':> t.'C f'\[,('(!itni»] the scluvltjlo ( -nul lUr\r 
(nsts) to ( ]pt^>r-niino (lif> |o,r;t r> \ f > <mi s i \(' vvriy |o iiJi[»ruvf^ thn 

M h.'.itllP 

(iMi'f -liftu.ult of r-osoijrc*' (fiiistfMint oc.curs 

vvIkmi tlu^ r-t'-.oiir(,r ir. fixt^^! in si/f. M i j 1 1 1 ; ) I o .t r: 1 1 v 1 1 1 cufi- 
t,>ntim<j to[' tlv ff'sunr-i;p in.iy r<M|iin-p th<tt soitip r)^' nnpro- 
or ,a ItM'vt !)f' (If^forrccl for ? > rcjc os r. 1 1^* j , whicli cJimcjs 
. Hit tlu' "-.chof iiiUv Ihot'f^ f^xist riMthpriintic.:)! ahjoritluns 
v\hu., h will .jssi:a in (jpvoiopmn the Iph^^I (J r.'i fjcK'^-' ^'^^^ scbed- 
itlr, I hpy .iro srMTiewlwit Snyotu! rni r qotirMMl Invol cis- 
fiission !>nt -iro ifTihoJdnr] ui nuist CVW nirjor-ithrns 
ini; )l iMru'n tf'c i on curnpu t crs . 



Service Charging 

coi, s;(!(MMti<->ns and orcj.irn /r>t lorui I dynniTTics hdve 
If'd in.my univfr'Sitins to coticlude tlTrit tlior'o are significnnt 
ecf)rv.Mnif's f>f sr.alo in cotnfjwting insta lint ions as well ns 
fjps I ra[)lp oi^cj.i i^i/at lon.d cf f icienci ns x i )n rion cod by con tivil i - 
/.ition nt rnsponsibility fon thr^ total coinputa tion alf u net ion . 

\ ar rc^jsons proviously discussed, this ce n t I'a I i / i n g 
rn()vr^ hat-fJIy fwcr results in a sirujlo large scale coniputGi' 
for the satisfaction of the totril univensity information 
syst ems needs , Fnr rnor'e likely is the development of a 
central authority contr'ollmg a local network featuring multi- 
ple CfHJs, multiple I/O devices and genei^ally an array of 
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' '"''V;-"' ,Mi,.i t. rdiin,,! I. M, ( ,,,,,,, ^ ,,,lnii(,r. 

"i' ''Ctil' ^iM\ ,! I,tl ,,li/r.| l)MI\ .'r-.ltir'. (<u- for 

'"^ ,,.,n , ,„n;.,.i,t .r-.,) ,,„„,> |,,rm m| rcdiMf,. tr),. 

' I 'I ri. ;[ii,'(it'. . - r ,i, M', to fht' I., ,,l 

-I 'l.iiii.MtiMn., ,u r t,M v.ili, tli.> '.iiMP plft|,,.r,i of 
i"'i'''it ;M,,|.|,M,r, ,1 , ,H-,> iiMMv of tlu'ir . iistnincf". Nut 

"'"''^ 'HV |M-'.^!>I<.,M. r.f |.I.VSH,,| .,,,(1 [.PrSon,H>l 
' ■■' ll--')llM<; <li.j,,( Mllf))'. -Ul.l tlu' [MM Mty of 

' ■"''"■'i""t^ M ..nly for n<.xt Nr.ir s i)i)<l.,"t j i J s 1 1 f tc I ion , 
^'•''■'^ ""'"'i'^'i Mi( li (oin|>n*,,M- .iiithontH^s is ,i ninn.Kir 

M!'-i t I f il. .r[n it i: ,n ;. , ,i ..,,] 

''''' l'ir<3i^ tlu^ sfM-\'ir(.- itnms Ix^inq i j rv py ocj , 
-N'MCf^ f^ur\'(^yinn tlio hulk of ^[io soryir.o 
"it'iM"r-y jiwl IS constantly fiio(n tori ncj itself, An 
"''^ '""'^ c-ni Immoii sn.jtjcsts itself . Why not cost thn items 
"' ■' ■''■■1 ' M>r.|ti' <r, . o;t " ..r "prof it" c.Mttcr , 

• ■ i'Tii'i .itiii' i ni \ cntorM's .nid riU(Jit t rvi i i s (jf set' vices 
F"'"V u , [ ,1, ||( iifit) III ,jf )f)ropri,ite schnduling tnchjiiquos and 
'iii-(Mll\ .i.ldrpssint; t h -iccoi j n t .t I. ■ 1 1 1 y i n f rni.U ion problem^ 

'^^'^"V v.-ijM ,,r(;in' that tho overhead and complexity of 
'""f'"'''"'^ '"" ''^^ '""^t r.enter is too hirjh Tor smaller centers 
f;"fisecjij,Mitly an unwise and iinoconornic decision, 0th- 
^^^'iil'J re[)ut that a system so configurx'd must then be 

uiifM^nnomic) from tfie standpoint of oconom 
'^^ -(.'il'V f (jr oui' pur-['oses here, suffice it to say that 
t:omputfM- services charging is generally efficient and desir- 
a!)le fr;r mefiium to large i rj s ta I la t ion s and smaller installa- 
tions f ouh-j !)e so accounted if they subscribed to a network 
t:entaiiiing at least one largru- installation, 

ft'r ruiy si/f^ inst.ilhttion, if sci'vice (in the computer 
utility sense) is not ti^e primary motivation for tlie computer 
"peration, c(.mf>ijter services char-ging will have less desir- 
'•'^''ity- I ty[>ical comparisons drawn between computing 
cenlei-s ,WK.j f^foduction lines, libraries, or power' utilities 
might make a strong case for- stipulating that all central 
computer operations should be in the utility or job shop 
mode acid singie user minrs in the library mode. 



This section is adopted from R. C. Heterick, 
"Systems Management and Allocation of Resources Techni- 
que, Lconomic Considerations in Managing the Computer 
/ n-Aa/lation , Association for Computing Macfiinery Proceed - 
I rigs , 1 071 . 
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roK AM': *n; ;".v- 'i.:' A'-vivrr'r' v. can i: ;-:NT(r'v A;.T[:kMA tk 
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CGSIS. THEN ir CJoT ElrFECTlVC 10 CHASH THE ACTIVITY. 
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a corn-Hit ing system configur-ed soniewl^cit as 
■mL""J V, h^t must computer services ciuir'ging accorn- 
iiiis .^f, tioii IS pjf'obably h.cst viewed in terms of 
Mir..,, rn.s, iri\r'i\od (j'j n s 1 1 1 LJ o n c i e s : tiie university 
' V .iti\ ii u- f.MT.h y . t iv» ust.M's of the computnig center 

■ ■ '■ * ' I • • 1 : . t -rTi'-'M t t fu: 1 1 f r 1 1 s-^l f . 

•'^ i'rn|iiit'M- sr-r\ tees ciiargnig sclieme implies a money 
' '."fii'-^fit if)ij distribution system an economy. Other 
'I'' >'t (:^':!lplJter credit" systems liave been devised, but 
'J-f* ''t <i dull.ir system r-erTiains prevalent probably 
• "'.'wse it !s more comprehensible to admi nist r-ator'S who may 
■■ '\ N 't !i;i(i.'rstciii(J computer- systems jar-gon. No one in 
' ■ ■:;p'-t I n. ; user r •'■ir rn u n 1 1 1 e b will be without an under- 
' ^1 d I ii g of r\ fiolia;- cfiar-ge, as this form of money manage - 
M -M 1 1 r:, y .1 c t ! y t h o y a ^e acc u s tomed to in t h e i i^ 

' P'-f tttfi!) , {-.ifHtai outlriy, and --ther budgets. In fact, for 
■'ID'' d'^p.i rtnif^n t s in the organ iZdtion , the computer budget 
m-iy f-v<;eed the tr,tal of all otner budgets. Consistent with 
ij Ml \ [s It \- fv.Micy in managing other budgetary items, com- 
P'l'orn; ii..li,)is snould be seen as liquid assets, exchangeable 
h>f ..«'M-\ ices 'it her than corTjputing on a dollar for dollar 

b'MMS. 

This IS, of course, one of the major rationales foi- 
riM ;.-.:Tir-ri t t:' c-d s ui r computer services charging. To 

■ I'jihy nvTi'-^v' riMtiager-s i ;i the administrative hier^- 
.ir-f.hy, the disti^bution and control of computer services 
t'uids shr.iuld confor-m as nearly as possible to the acJminis- 
tr-ritive hierar-chy itself. The implication is that he wfio 
g I e s cm also take a w a y . 

In such a budgetary system, all accounts point to a 
f u ruJ I fig ciccou nt with no pa reticular hierarchy assumed. 
( >n s eqnen tly , the funding and accounting structure cmbod- 
lerJ in the job accou n ti n g system pa ral lei s ex act I y the 
organizational management structure. Embedded within this 
administrative accounting structure should be some provi- 
sior^ for extr-acting program related accounting data. As 
h tglier levels of ma nagemen t aggregation ai-e reached , pro- 
gram r-ather- than adrnrnistrative budgeting may become more 
a ttr active r'ational, Only end users may act u all y pu r- 

cliase computer services with their funds. All other 
.iccounts exist solely for the purpose of money management 
ond accounting. Competition for credit allotments to pur- 
chase tlie limited computer resou rxe is mon i tored by the 
various levels of administrators within the university. 
Adrnt mstrators are able to control the allocation of funds in 
all accou nt s dr recti y funded by them ( s h if ting , addi ng to, 
or r-educi ng funds) and i n di rectly i nf I u ence all accou nts in 
then- cluiin of authority. 
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(.'■ ';n[:u Um- sprwi.i--: c (i <t r'< ; 1 1 ) tj l-.> !..)o u c cos ^ f u I must be 
I '•• t ic . ■Mjijitnljlt^. ,in>! inipostH-J to ff^covec costs (and 
; 'f' - nt ] f,it htM- t ii .u) ,i fh I : i\i fi ly di sr. fffni n a te ser-v icg classes, 
^"■"■'iisiii fM-i(.in.; t> > c^M-.^tT [>i,[\\ d\r(H-.{ nnd indirect 

":"'''rinru; [-.osts. r>:;tjit,![)l(' ifi\.'>i\»^s <if>|)ropr-tatel y defining 
Mnst-; ^"fsif.'' in t-T-fDs d i f f pitm) t m ( systorn r-osour'ces. 

1 hf N'.t'i- [iiiK. ii I ..nctwfiri i uitii f.M-]inty but only sliglitly 
i-'Mlisfn, II]" MMitt'i- [ii.in.igonhMit, on the other" hand, 
'.'(ft'M'K CA)ni-,<'t r)od With r-i'cr) v n fi n g total opei'atmg costs, 
(•iuu-fjin'; t'.:' rr-(:>>vcv f.osts s-itisfics auditoi^s and, generally, 
I nir rn,i i nprMM 1 1 ii< ; di \' i s ir-n s Within the university st r-uct u r^e . 
ArbitT',n-tl\ disc [-inn 11,1 1 1 rir; servicos classes will likely cr^eate 
'Ir-ins \m t h (;>>■. c rn m. ' r 1 1 ,iudit.'M-s ,ind f'^'^siijiy witli iriter-- 
na I ,iu( J it in r; s t .if f s . 

\ve are often [.lenursed by tf^e infor^mation systems rnan- 
.KjOf who [M)ints to his low rates as justification for service 
U'vcis achif^vcd. Fr-equently, indirect costs such as floor 
s price, custociial S'.-rvices, air conditioning and electric ser- 
vice, etc. ,^ro not figured into the rate structure. In fact, 
if inoi.t univcrsiiies af.>p rop ri a tel y ovalijated the cost of floor 
ST'acp ( particuhirly on ijrljan campuses) we would expect to 
see the computing center somewhere r *he far environs of 
the Crwn^ u s rat her than i fi the ina in ao n st rat ion building. 
It IS not uncommrjn to see ec|ijipmont costs amortized over a 
fifteen -year periori wher the economic iire of the CPU is 
fi.i fd I y i.\'(-r nir>ro thari three years and most pe r: p ii era Is 
selciorn more tiian six. 

Gi^'en typical budgeting procedures followed in compu- 
tational intensive orgr: n iza t ions (universities, research and 
development firms, financial enterprises etc.), it is likely 
tfiat tiie data processing budget is little related to the 
potential demand for' computing. Where there exists some 
externa! demand for- services, an arbitrary multiplier 
(greater than 1.0) of the internal r^ate might be applied. 

The user vms hes to have a tech nique whereby lie ca n 
influence tlie allocation of computer resources to his jobs. 
Computer services charging admits of this influence within 
the const ra I fUs of total funds available to the user. 
Cliarging removes the ar^bitrary constraints of job classes, 
time limits, st'jiaqe con s t r^a i n ts , and the like. It imposes 
♦he alternntive burden of money management on tfie user. 
; xperience indicates the user prefers the money management 
problem as it focu ses his selling job on his administrative 
superior rather tfian on tfiose " u n k'nowledgeabl es " in the 
computing center. This shifting of managerial responsibility 
back to the administrative structure is regarded somewhat 
ambivalently by administrators. Strong administrators wel- 
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co'Tio it; ninnv r-egofd it as a inixod blp:.sing. The ability to 

influ(^nco tut-naround timo is a necessar-y pr-ei-equisite for- 

ij SOI- arc('r»tcH)Cn , 1 1 acidit lonal I y contr-i butps to imp r-o ved 
1( > j(J i ;a 1(1 net ng , 

r r. 411 t do s t a nr!p(->' n t '^f t b ' ■ )[]ipu 1 1 nq con tnr- itself, 
r...>mpnli'r sor\i('V. cluirgiiuj prosoiits <i confusing dichotomy. 
V, h 1 1 e g rti 1 1 f 1 0 d to bo i • o ( i o \ o cJ ( j f s c 1 1 e d u I in g and r' G s o u r- c e 
<)ilocation probloriis (wl^ich tliey ar'o probably not well quali- 
f lod to make) , off icioncy of utilization of the cornputoi- 
ros'UJ r-ce is also cemoved f com triei r d i rGct co n tr^ol . A ii igh 
\eve\ C)i u n ri o r- s t a n cJ i n g and com ni u r ; i c a t i o n between center 
[:iaM.u:;"nif*nt ,ind t'jp rTia n agnni'Mi t of tiie university is essen- 
tial, lop managernont must bo convinced tliat something 
approaching KjU';, efficiency of computer r-esourxe usage does 
not imp^ly ma x irnum re sou r-ce allocation to optimizing the uni- 
vor-sity objective functions (whatever- they are). Parallels 
botwoori the use of the motor- pool, office space, etc. must 
bo dr'dvvn and understood. The mystique of lOO'L utilization 
(Tujst bo (Ji spelled, oi- center management is confronted by 
un rosoiv.ibio conflicts that will obviate tiie advantages of 
cost con tnr oporntion . 



Job Accounting 

riip cost center' C':)ncopt is most easily implemented by 
a service utility oriented computing or-ga n i zat ion . This ser- 
vice orientation implies a management that seems to be 
incr-oastngly typical of installation manager-s in the large 
corpor-ate and institutional computing complexes. An instal- 
lation management that views itself as providing information 
systems services and considers the internal design of soft- 
ware and operation of hardware as secoridary readily 
accepts tiie cost center- concept. Centralized "make or buy" 
decisions irTimediately raise the questions of in-house vs, 
external costs in the satisfaction of organizational computing 
needs . 

These cost trade-offs are meaningful only if the center 
is aware of its "real" costs ot operation. For those centers 
not operated as a separate corporation, the overhead (elec- 
tricity, physical plant, external administration, etc) attri- 
butable to the center must be distributed to it and made an 
integr-al par't of its pr-icing and "make or- buy" decision pro- 
cess. Those organizations that encourage the dispersal of 
data preparation, program submittal, and output checking 
back to tiie operati ng departments should be capable of 
developing more realistic and equitable charge rates. For 
highly decentralized organizations such as universities, this 
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' '\ t' [-lirMri ciiL^ t i-;t.)Uthjn rnny [.)t^ 'MW o\ tlu^ <-ictudl lid rdwat'O 
l>iiii' ;»^t. Few ni. )i-r- ctMi t tTi 1 1 ^ o r"c;n n i ^at ion s , those ov cm- head 
(''•.ts lOi)", oi more oi tfie hardwcU-e budget. In 

T <i(. t , t M |- [ I h ; li h, [ t •[ 1 1 IM ! I / rd c. ( >[i jp 1 1 1 1 n q opfM'dt i on s , 1 1) o 
<i s r.t? f t .1 1 11 ITIP [) t of ' rT-;i I " ■ )(Mm li n > i r.r^s t r. may I e.id to s t itmi 9 
»■'(.' a I i •111 u, rW^; 1 1 111 - ■ r 1 1 in i .1 \ n r .if , i iiv ) ip 1.!";; 'M 1 1 r.i h <' eel * \ pe ot 

( •; -M'MM T I •! 1 . 

Tho furuiiru; ■ 'f a UMst f.entrM' fjf >e r/i 1 10 n can presold 
diffii.ult pfoLiiems to cr>nipiitor craitor management. It is 
d'luMiul wfif^tluM" a cost center' approcicii wiM wor-k it make 
''a- " d»M:isioro-, tt re not vested S'jlely in tlie instaMation 

i:m f i J ^' • 1 1 I n f ta i fii.i t H ai s \ s t "Mis '"'i , r'd mi .i tn r . The acid 1 1 1 wn a ! 
T' I a s 1 1 c 1 1 s (.•f d'-^ri!.-t n d ( <mu I 1 1 s a rua ! I a ry c a. s h flow p rob I ems ) 
(jTMi e r\Ued by pe r-m 1 1 1 1 n g nor 1 m n f o rrna t ion systems a dim fM s t r'a - 
\')rz carte blanche to df^cide whether* to buy inside or out, 
is rt f ''M-midal)!e pi^oblem accoriipa n 1 ed by an absernce of 
publna/t'd succf^sses. Since the computing capability is 
ai tri.'it (at k>.^st in t fie 90 to 130 day sliot't i^un ] in the 
trice -.f fi variable demand, pia^bably the best funding 
; ) f( .[.ec : 1] r*' r, .mi oft t i U' lop " mi n muj rii pledge by ail ope ra t- 
ing di^tsKais of funds which wtil Ije trnnsferM-ed to the cen- 
ter, I r respite 1 1 vf (.-f kisser* df^iiand. The elasticity of sales 
<Mi(! h a [•( i w H rf." leari time p ra Uaiis are ther'pby alle\Mated. In 
th'^ir- place is s i j b s 1 1 1 u t fcj the necfssity for* the center- to 
p>rfM-Jict accurately t lie number* of units of char-geable icertis 
t.j be S' Id to Misui'p i-(-.iS':)n<ib!f^ prir^f:; <Mid adegtiato cost 
i-eco\'eiaes . lender- oi- ovf^v recov eries of ]()',', should present 
rmrMmal pr-^i[)lems, De v 1 a t i':a"i s of nioia? than 1()<. can cr-eate 
seraoLis tj is loca t n'ai s , In >'M-(_jei^ to avoid tfie pr^oblem of 
under- or- over recover-y, suggestions fnave been made to 
engage in ret r-ospecti ve char-guig based on service units 
<u.tuaily supplied dur'ing a week or' month. This would of 
course be totcilly impractical for- commercial time sharing 
services and seems an unfair* abdication of center rnanjge- 
ment responsiiatiity m nonc^imp^titu'e situations. The user- 
sfiould riot be faced with variable costs, totally beyond !ms 
con t t-ol , simply to f-oh e ve management of its p! a n n i fi g 
r-es r^on s I bi I it y . A techrMgue of anticipatof-y rather than 
r-et r-os pect I ve r-ate setting snoms rnor-e r-ea son able. 

In a cost recover-y, ser-v'ice charging environment, 
user liability is or can be a ser-rous concern. The most 
effective w^y to limit user liability for unauthorized use of 
^Ms account is multiple levels of account pr-otection. These 
levels of pr-otection can r-ange fr-ort) r-outing output thi-ough 
locked boxes to typical account passwor-d pr-otection. 

Additionally , the accourit str-uctur-e may be esiablished 
on a ct-edit balance p^r-inciple. Tfie user is liable only for 
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[\\<- ; ninunt of nn.>ne^, iii ins ticc^Miiit <ind .iny attr'mpts to 
a job gpn era ting clicU-gn-:; in oxce-js of his account 
\\\\\ lio ,ni t 'jiTia t iCH 1 1 V flusliorj from the systom. 

It IS v.iwtli FMPri t loni Ml") tli.tt c;[i.u-()os must L)o I'opi-uduc- 
tn pr-ri\irio sutt.iMf Usfu- ptiuitv- As ui tlip caso of 
rt>t r'.'S ( M'r 1 1 \ r c.lic'ir()inn, tlio usei' sh'"»ij|(i nc4 Ljc^ 3ut)joct(^cJ to 
\.}ri.iL)le processuig costs bp^'onci liis control. Sufficient 
f h f f (.' r'(*n 1 1 .1 tion of stM-\ ir.e c h a rf ) s liou i cl n enjja te most of t iio 
a r( ; 1 J nion t s acl \ a n ( ^'-i ! t o r def r.i y i n 9 v a r 1 a b lo system o\' o r\^ ead 
li.' ijsci" jobs. 

Ill" r..;.t ('-rit''!" ,1 ; )[ > r'^,i{ h inir'lit^s -t f cjrrTM 1 1 ran tor ban- 
cilint; p r\' " ; r.Hnnu n anrj s\'df'ms analysis that many uni- 
\-er-sittes do not cu rro ntly follow. As rhar"f;es are made for 
tht^sp forvira^s, allocation of tlie p> rog r'arnmi n g r'c source 
bof(,nu*s hi<;hlv affected by usci" demand. The technique 
thrit seerns to ha\e h^een u n 1 \' e r-sa 1 1 y accepted to minimize 
this iiTiprJct IS the RFP (Rr^quest for' Pr'oposal) procedur^e. 
Ail m.ii tri\a.il rr-quests for p)rogram changes or systems 
t o iopnit ' n I fj^nerrite a proposal from t'ne cent(u^ to the 
[•(^(juestiu- with tiriie, f )e r-sr)n n e! , and cost constraints indi- 
(-ate<i. This proposal is negotiated until such time as thore 
IS mutual a grf v.MTient upon a statement (jf effort. 

M.iny of tlu^ (.urrently extant accoiniting packages do 
f;r-<']'^f-t r-,ittier t h ,1 n }^ .[> at.coii n 1 1 1 1 q . Tins is [ja r 1 1 c u I a r-| y 
true of the !.)atch p.ickaijes. br'oject ciccounting represents 
tui a( pj rei ja t Kjn or' accumulation of job accounting information 
but in pr-actice cannot substitute for- jol:) accounting. If the 
user- IS to tjssurne the bur-den of money (machine r-esour^ce) 
iTianaqeiiuMit , he needs a "r-eal time" bill for- ser-vices associ- 
fitfuJ witii each job pr-ocessod. This is prU-ticularly the case 
II) liiqhiy decent i-a 1 1 zed p r-og r-ammi ng en v 1 r-on men t s . 

Once an mstalhition has emb.u-l-: upon a cour-se of 
cofnr'iJter- s(U'\'ices cfiaf-qing to facilitate [:)ettef- r-esour"ce 
rj I Ii'jCi t ton , It IS r.onfr-onted with the question of how much 
ant J for what to char-ge. Civen tlie a r-ch i tectu r-e of most 
cur- rent har'ciwar-e and typical system usage, the following 
categor'ies of char-ge <ire gener-ally settled upori : 

C^(M"itr-al Pr-ocessor 
Unit F^ecor-rj Devices 
S e : u p Devices 
Stor-age Media 
Pr-tor-ity 

Per-sonnei Time 
Communication S u[>por-t 
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i \ ' 'II t .1 i ( i j II I ; )nifM 1 1 
M . ) i M t ( ' M . 1 1 I ( . ' ' 

In i')r»(itM-aL • >; )iM-.d i n < ) m \ < • eh p.k! is ( i i s t r i I) u tnd to those 
f .it ' " ; .fi -^s in s. )in.' fi >m ,i [>! ^y f ] u i t,i!i f ,) [\ ion . ( .)j lordt i nq 
' 'V • ' '1 1 iM ( ! i.i 11 1 1 1 1 1 1 1 . 1 ti . i f ' I t ' n 1 1 ' r .1 t.iini 1 1 1 s t r.i 1 1 s .i I ,i r irs , ij ; s - 
t nl 'U t*'( i ),ni ) / Mt iMii.i I n^(M-lw\i( 1 , ,wi (.] ."HI con tfr' services 
V, Inr.h .tf^* pr*.\'i(Jrfj at no Jif-ect cfi.u'ge to tlic usnr. Sucli 
( t'o ttM- ser\' icf".; f n^Cjuon t ly i ncl uHn i n - liou se con s u 1 1 1 , 
M<'" tWM I use r [ > u : > i i c.U ion s , and con t r i b n ted stc^f f time to 
oxtfri c.'Mit.'r or<;.ini/,ition.il conimittpos nnd tasks. For tlie 
tv;"''ii inn III ; ; f.iiiifnnd s\stnin, f.Mitr.il procf^ssor~ cliarges 
<irp 'jcnor.iik nu^ii^ ni ttir-ee c at rics ( i . e , execution time, 
I L) f>v(M)ts, and core timn). Unit record charges ai'e gen- 
erally rnarjo for cards read, car'ds punched, lines pinnted, 
'HM 1 f >l"t linos or time . Setup device charges a re usually 
iin|'"^e(l \<,r u';n of demountable tape and disk units, special 
tMrrns a rui print trains, special plotter setups, etc . Storage 
ch^wge:, ,irr- nnfHjsod on tape and disk files (genei^ally to 
inc. huln r.'f,<)\ r r-y of hbr.u'y mainter.ance cost<). 

Some forMM of a priority of service cfiarge needs to be 
inifj IfMnen ted to develop user- acceptance of the cost center 
t(v:. finif^iif^. for most user's, tur-nai'ound time will be the 
most impor'tant resourx,e tiiey can pur^cliase. Sever^al alter- 
nate es ar-o .jv.iilablo. Cost differentials can be associated 
v.itfi prime (n- non -prune shifts, or- a iiierarxiiy of first in- 
fir-st out (F'FO) job queues may be supported. The FIFO 
job qLJ{Hies is fjy far- the simplest metfiod to implement and 
easiest to suppor-t. Tur-nai^ound time itself is not sold, but 
r*atfier relative position in the job queue is purchased, 
FV'r^sonnel cfiar-ges for p r^og r'amrii i n g and systems analysis are 
gener-ally st r-a ig [i tf o rwa r^d and easily arr-ived at. It see.iis 
gener-ally prefer'able to build operations personnel costs into 
appr-opt^ate har-dware ser^vire categories. It is generally 
necessai-y to recover communications control device costs 
througli a line connect time cliar>i9. Remote batch comput- 
ing cfiat-ges can be computed in tfie same manner as local 
batch. Timesharing user'^ should probably be charged for 
tlie same categories as batch users, but at a relatively 
fiigher (or the hjgliest) prior^ity rate. Software charging 
pjr-esents a new dimension to computer services charging. 
Many installations recognize proprietary software costs of 
from 10',', to 2!j'!> of hardware costs. Tiie simplest approacii 
to software cfiarging is on a per access basis. For many 
installations growing slowly into online management informa- 
tion systems, such a charging scheme may need to be aug- 
mented by :ne form of subsidy until a sufficient number of 
usei-s ai^e online, to cr^eate more reasonable char-ge rates. 
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A u d 1 1 m g 

Iho ,u:lu.il rlnlenninntioft of urnt [m-icos cari bo quite 
i..iin[)|('\ in [)f,i(:li(,f' . A (jfMnM'.il .ipf >rri.ir.|) is to cloleffniiiG a 
(jfiil 'fji'icc [),isfM:i u[>i>n <iruiUrH spfvico < li.tr'je (ASC) divided 
[)\, r \ ; )im; lr>i:i ,in n tjcj I r)erii,i nd ( i , '\[ ) ) . f li e (in ruj a I sot-v ice 
c, h ,i i\ IS (.( .iTi; >ij It't ! ,\s 111*' sum > >t ^ ii rtM , t i i . i rsj w d re ( le.ise ur 
aiiv-T-l I value) f ilits indirpcl hafdw.ir!.* softwar-e plus cjir-ect 
p.'r-sorM)(»l plus prT'cotil.iqf? of tolril overhead. 

(,)n llie basis of fjasl data -and some e x t r\ipola t ion of 
(hanquu; tiernand, tfie l" \D is deter-miiiod. The urn it charge 
IS ttion (l.'li'rinuit.'d ^nd r-.ijiidtMj if .J.'sired. Plates are gen- 
era IK nT't ar|] ustf»d more f requfr-ntlv' than every twelve 
morUlis to pro\'ide soitio stribility tor users in their money 
m.i n.i' l eiiie n t . 

Vv f 1 1 h • the operating s v' ^ ^ i ^ reading a job submitted 
t<j tlu' svstem, certain job accounting routines ver-ify tlnat 
the j>)l/s M(.count number is eligible to use the system and 
tiwii tins .lt,(^)unt iias funds to pay for liie r-equested pro- 
cf^ssiug service. Ihis inforiTiation is a\'ailable from a job 
accountiru-i disk file* containing records for each account 
h. )lr!e r . If f u nrJ s a r'e not available the job vvi 1 1 be f I u s h ed 
,n kJ not procf>s st>d . If the job passes all initial tests , it 
v,ill enter tlie appropr-iate job queue or go immediately to 
pi^-cPSsiiMq if it IS a 1 1 nu's n a r i ng job. After- tlie job fias 
[;<'en f.iri 'ces sed , otiier' jijb iccounting r-QU tines collect all 
billing ni formation from the operating system, calculate tlie 
associriteci charges, and update the proper account necord. 
rh<> final page of pr^inted output can be a detail bill show- 
inc) the curw^ent balance before orocessing, ah costs for 
comf>uter resources, including a surxhar-ge oi- rebate for tlie 
selectee! p riom ty , a nd the cu r rent bain nee after p rocess i n g , 
A bill for each job r^un rs a necessity if the user- is to rnan- 
ac^e wisely tiiose computer funds allocated to him. 

r.ach account f-ecot-d might have several hundred fields 
of I ri f orrTiation . The job account! ng rou ti nes u pdate the 
data in all appropf-iate fields. All of these fields of intor- 
m-ition can be available fof- immediate access by a terminal 
(a typewriter- or CRT terminal in the center admi n ist i-at i ve 
offices) and for any report generating programs in batch 
iiiode. Ihe terminal, with its own command language, can 
be used to open, close, refund, adjust, and query accounts 
as well as handle fund transfers from funding accounts to 
user accounts and vice-versa. The report generating pro- 
gr-arns are principally used to create end -of -month reports 
for the university management structure, computing center 
administration a rid individual accou nt holders . 
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C, ,,,1; Ml t (M- ',t'r\ ir.t'S ( h.H'i )in'j [ -Lk.' •, f t ' r.i I ,11 )< i 1 1 101 1 .tl 
rr'-,; .11 '-.tl . I ht h-. ii[)()fi tin* {-,' .tn[)n tiM' ) (fht^M-, !^ [ u-c 1 f 1 ci 1 1 y , 
th.> frntfi- niLj'-.t [Wuviflf' il.iilv -iudtt Ir.iils .tnd rn. isonahly 
rv t CM I \ r :..'( iifity [ • I'l i\' I s h )h s , On<!<M- siuh .1 *;yst(Mii, whtMi 
,( II ,pr wi'-.h'^s to i>[><'rt .ui ,n:( (Mint with tho r.tMiter-, he sub 
III! t s .1 to fill iM< lif.iti [J'l the f iMifis l)f' -illocittMi [n liirii f.KjnfMi 
! , V .1 >. ,il h I t 11 iM li IP ; .11 .11 fi t i h )|i icr , f'ov t.it ifi'j tho .uii'JiMit 
. .f f u n. I:; .1 ! Inc.i 1 1 m i , the nscf (^'a .1! >i i s In'S ,\n tj[)f)0f I unit of 
li.ilnlity t>.f \shii h he 111. ly In* hilled. Upon uponiiKj of tlic 
,u 1 Ml I n t , t ho tj 'w-f IS as', iq iuhI .in .ir.c.rm n t nuiiibof and post 
->jtK.o oiiinb.'f. iho [)o\ can bo a tyfncal post offn:e 

v.ith l.o^ hu k . (\ist officn boxes can be located at 
tin- ( .-11 to f ,) od III r-'Mif it f s t .it ion s sc.it t CM- nd t h r'oucjhon t t iio 
c,,,fn; us liu» usof submits Ins \ob with a )ob narno tiiat 
dosii-jn.ttes the st.itu-.m .nid box nuinber thtit Ins output 
sliMuifj b(^ fouttvl tn. 7his ohfiiinates tlie rnjcd fof oper'atoi's 
(nil a to niput witii output pr-ior- to foturning it to the 
tjsof. I iio usof rn.jy fjfotfct hiis account by r-efcr-onci ng Itis 
a(.(,r:Hint nuinbor- to Ins station box nurnbcn'. While tliis does 
I u - t [) f (■( .1 ud(- ot hof s f foiii u s 1 nc) his accou n t number', it does 
pfolnbit ttn'in f f om foc('i\Mn9 the job output, tiier'cby ehmi- 
fiatinc; .^ny ,\(\\ antarje of using anothof account number'. 
Addition.illy , the us^n- may cr-eate and cliange at his discr'o- 
tiofi f)ass\snfrjs for- his account nunjbor'. f-'arlufe to use the 
C'-'fT'oct af-count rnirnbnf station - box n umbo r' ' p'l s swo r'd combi- 
n.ttion will flush the job f fom the system. Numor-Qus other' 
s..ftw.M'.' hafd\sair (^ca 1 s t f a 1 n t s may be im[:iosed by tiio user- 
-ai his .if.cuuiit. Jm1,)s (in br? tniio, stcjfaf^o, total cost, or 
hafflwai-e ff^S(njfcn hmitod at the user''s discr'etion. 

E \ t r-actod summar'y data f fom the job accounting file 
may be kept in an online installation management system 
a\ail,il-;!o fur- quefy from a termainal. Typically, summar-ies 
of accounting in format lor^ by r-emote site, pr'ogr'am budgeted 
categor-ies, total cost recoveries, etc., may be maintained. 
Tho job accounting file may b(^ used to monitor continuously 
recovery ratf^s and to r'eview macros coprca My the adequacy 
of tln^ rate structur'e. 

The primary vai'iable being optimized by the priority 
feature of a job accounting system is tur-naround time. By 
seiectrng Ins own pr'ionty, tlie user^ can control turnaround 
time to the extent he feels he can afford to pay. However, 
desK^ntrjg strictly for t u r'n a r-ou nd time can greatly affect 
thr-ougfiput and system utilization. Some techrnques can be 
used to ameliorate tins conflict. In order to accomplish a 
better balance of user' turnar'ound time and system utiliza- 
tion, llie prnor-rty scheduler' could perfor'm two auxiliary 
functions c til led job agrng and pas 3 -over'. Jobs in lower 
queues can be aged, or bumped up, to a hiaher job queue 
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.1 1' I'M 1 1 nni tii.t ,ittMin[>t', fc '..'Icrt for f H'ocr m n< ) tmin 

'ii" tii.;lir",t j'ii-,Mt\ ( . .( 1 1 .1 1 III n« i )■■!>'•., !>*'l(M.tiMn is Sy 

III .t III, lt^^t ''li! \',iIIm[) |>fi"nt\ \', i 1 1 1 tlir 1 1 > 1 1 < )V, 1 1 1 ( j cxct'i.)- 
t (• -f) It : li" i, .1 ■ (ic V t t, , I H' ■..■I'M I j rtM |ij I f('>, ,1 yst.Mu 
(•'^.■■'iri.' l-.'i'ii ,1. I ' 'I ,t' If ) v.liK.ti r, fpit I iM'friitly .i\ ,i i Li! >!(> , 
til" , 1 1 ' ;< ' n 1 liNi V'\\\ [ I (' r' 1 1 1.) 1 j> i! i ,i [k j tM fch t hp • j i kmip 

I ' i I ' i 1 1 t tM I, ir;' >■> t ) f 1 >r ,i ). : 1 1 1 1 1 1 m ) into r<^s< m n .cs 

-i . '1 1 1 .i! )|.^ ,)M(1 li.ivih') ,1 I'.t) tiinr of h>ss til -in llw^ soonc'. I to 
! ' ■ in; )l "t c 1 ),,: . ( u r rrf 1 1 i \ li ( m I lie s ys Icin . I h i s 
t ' V Iw H < ;i ; ril l< nv. < ji ) 1 1, k 1 1 1 [ 1 1 ii m ( j i u ! t jf-i i c rM 1 1 y sum 1 1 s tor- 
.f;!'! )"!'^ t^. M'..' tin ■ pt h-c\M i' II II u ■,(•(! rpsdiirces without 
n 't i; r mM \ .1 ( ! ■ 'r. t I If J t h'> t n r r i ,i i'. ■ m n i ! . >f [i i^ ; Ikm- ; j fi-'n-i t y jol-js 
i >'M [iM ['.ts s(M ! . .V f - r . In r)i-< iof l< > p ruvu.io an <nJ( !i I of }n\} 
.H;(.v)n n 1 1 h( J I im n s - ic 1 1 on s . [ >.» r I ic 1 1 1 -i fl y ior r'ncjn c i h i u s(M' 
; "! 'I'Miis , ,i i!,iil>y rp[)urt is f > ixh J ucnc I to list all riotail tf'ans- 
ti.wis h-iiidh'ci !)y tlu' :>yst''un. 'I hc^st^ I r.ni sac t ion s include 
M' 't "U Iv I hf ON 1 1 nf^ t r,i n s,u; I ion s , [.)U I <il so those fi a ndlod by 
tilt' -If iini n I •-. 1 1 .1 1 1 V t ru-Mii n.i I or by L>a Ich u;.)da t ing of (iii sct.,'I - 
I .n 1 0( 1 1 1 s ;>(' fM ) n 11^1 ,) n i.! (i.i la [ > rcpd r.i I if > n cJi rt fqf^s . 



O u e u o I n g and S i n i u I a t r o n 

i-''M-hafJS llu> most dirvv:t way to attack tiio schocJuhng 
r'f*'bi"'n is throuqh thoory. At r^vocy point in the system 
.)t V' b .) rhiacc nius.t ix^ [Mdde ,is to whicii tasi. tjcf.urs 
next, a 'juf.'ijp dovelops. One could then vuew tiie sched- 
uIiik; f>ro[)|r-[n .ts fin JuK) the optrnial strategy for servicoig 
'iOt'ijos. In ofder to sut:)|ect a waiting line or queucing 
pf'jt)h''in to foiantjl analysis we will need to know, bnd out, 
or make realistic assumptions about the parameter-, of the 
cj ueu e . 

Vv'e must itjentify the population of potential c istomer^s 
for- ser\'ice. CcwM'es pond i ng 1 y , wo must identify t^ie one or 
fiKji'e servers who will pr"ovide the ser'vico. If all tiie ser- 
\ tu's are busy then queues will begin to develop. We must 
k now th e a r r'l va I na tte r n of c u s tome rs desiring service in 
the system and tf.e distribution of times requir'ed to service 
customers. We expect that from this information and the 
inatfieiTiatics of queueirig theory we will be able to estimate 
mean waiting time in the queue or system, mean number of 
customer's waiting for any particular- service and the mean 
number of custorner^s in the system. 

This IS hardly tiie place for an exposition of queueing 
theory, but we couki investigate some simplistic applications 
to f)r'Ovide a flavor for fiow r;ueueing models might help us 
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-It, >-\fr .j.M.ij ■,( h'MiMlifni ( ,itf" iU", II tlu' '-.v'.ttMii h,r. .in 
,i \ (• iM' ;( ' ' >t t W( • )( 'I >•> I '»M- (in fi 1 1 t'n t *n-n K i , -nn I i { the ni ( < ' r- 
,1 (■ r r, ,1 1 t MM'", .1 rt' c \ [ »< ,n m 1 1 i , 1 1 1 y ( 1 1 t r 1 1 n 1 1 < >< j ( ,) coiniiK m .n n.i 
. I , I J .il I V \ .1 1 M i ,r. M 1 1 1' 'n I t 111 ■ re i .i -K ) - (. h.nuc Unit him r(» 
',h.»n t\«.M !■'!>■. will -'fi'tn- tin- ■•.^'.tnin ,n -iny nnnntf. If the 
■.-y ,f-(ii r. liiM\ilv utiii/'Ml, :-,-tv 'jif.itnr th.in IM)',',, \S(^ cnn 
,1, ..rii tti,it w* \'.ill ('<^';in <|("."l"[> \ f'r\ ti'ii') tpnMi»>s ,nn] 
I n ! I ",1 ■ 1 1! '■ t .1 n t M 1 1 V t h'' met f i t nrn,i ren ni 1 ( mi^' f ,i 1 1 jm[ i^; , 

r.)M t'ljci n' J t hf . .ry \v ill .i I sn 1*^11 us ni tnrrst i mj I'.u: t s 
.i:M>nl th*' t'lircls "t s( ,iifv If wn (!'>u[)ln thn iiK^-ni .irTi\',il 
[•,)t ,ni ( j the tn*>.t 1 1 srr \ icf t iiik^ wc halve I ht? hkm n \v.n 1 1 n<j 
till)' hut I - • ! s r til" nu'.ni ■ |n*'i I,' ■■,)/(> 1 1 n f I nn i< )( m ! , A| >pl v i rK| 
t [n , 1 1 rn' "t m > - n in » ; I' ^ hi 1 1 nn ; f a j r- \\ nr[, |r.,H j 1" iwo 
.nil Ml l.TS ( <Mch Inilf tho spfMu) of Hit' hiffjrr nyslnni) thr' 
mc.ni nurnSfn- w.nlifn^j v. M I rnm.nn tlu* sarno, Injt the moan 
V. jitni') tiini' will rjiUitWo <mi«' rnofc wivipon m I lie nfsen.il of 
th:.:>f' \',lnp t.t\nr hw^jor niric li i rics . 

I h, [CMilts 'jf qntHioi nc-j theory proljioins, and s<inic 
tinit .If' M.-t L.if).i[)ln i.n' (jucutMrnj aiidlysis, may also bo 
uStanifM.! Uii'f'M^jh simuhrliun . Siniulcilion car-fif^s with it the 
pfMi.ilty (jf irK:rf^isf?d problfMii setup time and ffoquently 
e\t(-'nsi\(' ntih/ation of a c^mip i J t a I a a I r-osource to effect 
the sf'IntMMi. ThfM-e afO seveiMl (Excellent siinulation lan- 
r;na(5es, C f'SS (IBM's GtMiot'al Purpose System Simulator-) 
hrninj <)nf' >>\ f^risn"'st to learn anri iise. 

In the termniolngy ot GPSS a transaction (in onr- 
example, a job) must be C, [■ N [i R A T Ed , pass through tf^e 
systfMii OL'bbbincj for facilities (in our" example, the ser- 
ver), SE IZEing ' and ADVANCEtng through the facilities, 
fU' L H A S F. I n g the facility, and f i f i a 1 1 y , TERMINATE! n g or' 
leaving the system. 

The system is s t ructu r-ed a r~ou n d a cloc k . A time f or- 
tfio next tr-ansacti(j[i to enter the system is set by the 
(.ENrKA'I'E comma r)d. The curr-ent transaction is moved 
forv.ar-d until it is required to wait, either for' a busy facil- 
ity or the necessity to be serviced. The status of each 
transaction is kept in a table showing its next time to 
move, wher'e to move to, and its current location. Upon 
encountering the TERMINATE command the transaction is 
removed f rorTi the table. Each tr-ansaction may be assigned 
a priority and queueing disciplines are effected by the pr^i- 
ority. We could similarly create FIFO (first in-first out), 
LIFO (last in-fii-st out) or any other discipline we wish. 

Perhaps tlie best way to gain insight in predicting 
system performance and attempting a priori analysis of the 
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i"M t 1 - t 'A ■, 1 ."Ml ( li.in. ]i>'. r, t h D jh mii 1 1 1 1 ,i t n .ii . I lnM'r .it-<' 
'« (tiinilM'f ,.t |>r.i[.i i.'t.iry M.ftw,!!-*' (.nMitict-; nn (lu^ iii.iflct 
^'^lii'fi v.tll r\r(i Mimil.it*' llir I.ch.i\i(ir ' >f tlif !.,iM(; h , 1 ft Kv.i r ( • 
' "I'll^'-n'Mit', '\\ the, J,\i'! ii is t n i f « 1 1 1 1 y iiM-tuI to li,,v<^ 
' '"^ ''I'M*''* I <> ■.ynUiotK ).>!» ■.triMni tW I-it(m'I f.Mitmf-.. Mi,".o 

N -t -Mil Illtll,! t l\' 1(1 ,l[ »( )| U ,lt lOM '•,(»! I v/,iro t( )!• 

( .ofiif HI t (' ! '< itj fM I n >ii 1 1 1 ICS 

I O [)nlj n ( 1 f-Mij t IIICS 
iKlta fllOVOflMMlt 

I 1 1 o ij f X l,i 1 1 n< J 

f ■ 'in[ ' I I ,1 t l» M I ,((!() ('MM U I |M)l rf I'c If". 

t 1 1 > tM f v III. i n I ; ) u !,i 1 1 mk 

.ind .ilso kofiif^s ff)r 

1 ).i t .1 in.in .!< jfMiKM) t 
I r\ oroiiim 1 1 n i 1 1 lo n s 
St ' '[-.H^f ' r)l lor.-i t ictn 

SfHx.linrj 

Kcst.irt -iruj r*(V;o\M'r-y 

[ id r'li Wr> .inci S(.)f Uv.i 17^ [ > fotf >(, t lofi . 

Once c) I'fvjinipn of statistics M-Ufionruj fins {j(>pn ostab- 
lisliocJ onp Crin Lunjin to sor-iously f.onstdcM- s i nuj I a t iof) of tfio 
systoni. 1 lu> in()ijt to tfio s i nn j l.i t ion niocJol r.i\n be clfawn 
f f'^tii t lio ( !,it .1 i Mtliorcf J (or [ HI r; . ; of [.)o r f < u'lna n cf> ov.-il n.i - 
Uon. [n fn.tny instfUices, tlip d,itn needed foi" mocJol vofifi- 
cation vvtll <dso bo found .-uTiuru-jst tlio statistics developed 
fcjf pe ff o ffn.i n r,c evaluation. 



Security and Privacy 

One of the bes t ways to improve communication witfi 
botli users and nuanagers is to provide tliem meaningful 
in fotMTiation on tlie worf<load and tiie response of tfie 
computer system. Sucfi information is of little value if not 
presented i n terms its i n tended audience can understand 
and deal with. Like most managers, the information 
systems manager is somewhat dubious of an open policy 
regarding performance information. This potentially damag- 
ing information may, in fact, not even be available to the 
information systems manager. 

As to the latter, it is difficult to sympathize with the 
manager wlio attempts to control and direct his operations 
(often with annual budget in the hundreds of thousands, or 
millions) by intuition and visceral reaction. Charging, 



1 .'M ( )1M K A 1 inf J fj.\ f J .\( .1 Ml fi ! 



M Ih'iIiI lux I ,1111 i I I .1. t III. I .ill I II -'■.UMli' .IIH I I r.|i|lt <' I Ih' 
.•Xl^.trlMr .I < 1 U.I I I I I t t I I \ M 1 1 1 1 M • . Uf t ' M 1 ( > I I t o| | h ' | t > • t 1! I . H M < ' 

I > >l I iii,iiM< imiiM 1 1 r, 111", t f t <■« j lien 1 1\ mt err Ir* I in whi > 

IS HMII. ) tin' ( I Mllj .1 J ! ri I I' ."II I ' <' , .UK I I'M' W h.lt , ( .( M ). I 

. ,1 . ; .111 I / >t I h X I 111.1(1,1' I'MiiiMit MiniiiMiirs i.iii h('l[> i;mI<' tlu> 

;,M|[it th.it thriM ,Ut' If. ills' .1 llllMllx'l lit !•(",« >ll ri.c. IHVolyi'd. 

In thr- rrij.ii.l. il in.i\' !m' .i ij"M,l nlr.i tn l.'r|) pnMji'.un 
!,M,!,),.t(M| .t( (.nijiitiii.j r.'(.<>f<|', ,r. well <r. < Icp.ii-tnHMil.il 
CM. II < !■. . N(»l 11 I II' I I'. i!i' >ro ( lr| . rr'.'.m< ) to .\ I >iisy in.nuHjrr 
(h.iM .1 n'|M)rt Ml whif h he iiiir.l w-idc Ihrtuhjh twelve 
in Willi. h ln> <)l(Mii!, tw" il'Mir, dI iivrfiil iiifoi-nuition , I<)imIIv 
,r. ill ,1.1', t. 'till I'-, the I r.diiinc.j Miit[Mil form whu.h riMjijircs 
"nm,' iiKMi ,iii(i .1 IMnl.i' it'lj ihi.i Liwyer" In i n t r r-| > ret . I.tr (no 
little I JSP i;; m.idc of < ] r.if )hs -UK I [)l(its ui; snnun.iry i «^| )()i-ts 
t(,r iii,tiM()(Min'iit . I yecption refinrliiwj is even t>i"<'f<'i"'>^^l<' 
, ,)H- ( I Ml l( j r\'r\- < )<>t top iii.ui.^jemfMi t to s ttip <inci d(d tnt} th(^ 
iiDinr-. so th.it the r \ (:(^[.>t i()H s could L>e i (.j(M 1 1 1 f ukJ . M,-in.Kje- 
intMit Miiniti,i|-ies .ire ne.irly .ilvvtiys l.>ett(M' e\{>|-(^ssed in p(M-- 
(,,.(1 1 »« JO r-dher th.m ,iL)Solij te terms . In this res[)e(.t , some 
ni(»ditit..ili()n oj die Kivi.it <jr.)pfi riii<jht \)v .ui ide.d vv.iy to 
expr(^ss ,) (|<M>d d<Ml of hi<)hly summ-iri/f^d infor'in.ition . 

I.e.t, l>iit {.(Md.uiily not le.ist, .in (effective tracking 
systiMU should .id dress, security issues. We niujIU c.itegorizc^ 
security in two ways; physic.il .md soft\v.U(>, (!)f the two, 
th(^ hitter 15^ directly the province^ of the Inform.ition 
Sv 'denis [ if^p.i rtinruit , tfie t^rfner re(jiiiriri<j <i ^;o,u| (iisil ()f 
c<"jopei-.i tinn throughout th(* whole o rg.un /.it lo n . 

[Miysical security is somewhat ensioi" to iniplnment once 
top mcuuignmf>nt fjcts over the fooling th.it it must display, 
usu.illy b(diind gl.jss walls, its computer- operation, Tfiat 
may not sofMii like much of a concern for those of us who 
lu.ve novel' fjotton out of the basement, bijt tlie ittitudo is 
mor-G luu-mful than tlie physical oxposuro. Access to the 
nicjchine room should be limited to (Operations staff and those 
nuMn[)ers of the systems programtiung staff wiio ai'G specifi- 
cally needed to correct problems which have been identified 
by the operations staff. Tour's, if one must liave them, 
should be scheduled well m advance and carefully planned 
for. Even belter, tours should be conducted via video 
tape. Entrance to the machine room can be controlled by 
inexpensive badge r-eadt n g and combi natio n lock dev ices , 

Incr-eased usage of remote batcli and teleprocessing 
should help to strengthen tfie real secuidty soft spots of 
input and output. In a telepr'Ocessi ng environment, sensi- 
tive input focms and output r^eports never exist as physical 
items in the infor mation systems department. Once users 
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^iiniti.n-i/e themselves v.ith the ubiquity of online update and 
'"IMiiy. tiie need for- so many input and output forms is 
;;*Mtlv reduced. For the user office, much of this data 
' ■ t'*!-fiier (B.C. before computers) sensitivity and 

. n-Mtt-Mi much more c,-irofully in tfieir own office. 

S 'ttw-irt^ spcur-ity is complex and expensive, but under 
hr^ t"i.il cofilrul of the Information Systems Department. 
fu:rtMsefi usage of teleprocessing substantially raises the 
'■<-d for softwa re security . As noted by tha vendor 
r.unbh' to sti \ the issue, this is one of the weakest 
'^-10'" rn-ints in most operating systems. Password control, 
f the e.isiosl forms of security to implement, is one of 
h--' IfMsl effective security measures unless treated quite 
-M-iously by all users Sensitive data in large files should 
f protected by the data base management system as well as 
'>p,-ratin(^ system. In many cases it may be worthwhile 
■ rni'.n,^ •,fu:urity not only by password, b^t by physical 
^■viro ,,d<iress. The physical devices can be further con- 
l.y requirrng a key or special magnetic card to be 
in Mir-ning on tfie device. One can think of other 
<^cuntv ffMturos, swcfi as data encry ptation , but in the 
Ss^'Hce of r-e.il security concer-ns on the part of all users 
' ' ' 'ih'. 'iV^> bp (sisily circumvented. A c;ood security 
:-,t,trl V, :th oducation and f^' tlirough with 

I nit'ir^ng. 
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"If a man is willing to go as far 
as he can see, he will be able to 
see farther when he gets there." 



The User 



In the section dealing with Software Development a 
"user' was defined as the individual who paid the bill for 
the systems development process. lhat definition is correct 
but inadequate. Developing a system like the registration 
system affects not only the registrar's office but the entire 
community students, faculty, staff - at the institution. 
We, tfierefore, fiave to broaden our definition of the user. 
A user" must not only pay the bill but also must be an 
individual with sufficient fiidnagement responsibility and 
management perspective to insure that new systems do not 
change institutional policy without proper review and 
approval . That is not to say that on occasion institutional 
policy does not merit change - it does, but such changes in 
policy should be properly considered and approved and not 
be implemented by system default. Notice that so far we 
have said nothing about procedures. Innovative systems 
design will indeed require that, from time to time, operating 
procedures be revised or changed altogether. The user 
must have sufficient administrative clout to approve and 
implement new procedures if and when it is considered 



13S 



132 INFORMAIION MANAGEMENT ROLES 



drsir-ablo to do so. The definition of our "user becomes 
Fill individual who pays the bill, has sufficient management 
rf.^sponsibihty to insure that institutional policy is not 
{.hnnged svithout pi'oper review and lias sufficient clout to 
irnplnnu^nt nesv procGciures if sucli fiGvv procedur^es are justi- 
fif»^i by the new rriethod of opor.ition. 

H CSV much com p u 1 1 n g background does a user have to 
[i.ive? Clearly familiarity witli computGrs and computing will 
not be a handicap to the user; however, the user does not 
nccossarily have to fiave any computer background. Ma n - 
acjomont of information handling may require a different 
pf-ri^ppctiv e but does not require exotic or complex tech- 
niques. Time and time again, it has been demonstrated 
tliat simple and sensible management techniques are suffi- 
cient. Some of the perspectives important to i nformation 
systfMns rn.inagemont are discussed in the following sections. 

The System Perspective 

Information systems are "a complex interacting network 
of people, procedures and mach i nes . " ^ *^ No amount ol auto- 
iu,\\\<->j\ IS fining to coinf: letely remove the human part of the 
system equation. Tlius, in dealing with systems we must 
deal both with the automated parts and the manual parts of 
the system. Subsequent to successful implementation, most 
system failures occur because the manual portion of the 
system \vas found to be operating below the level required 
for system success. 

A system perspective also comes about by understand- 
ing \\^c i nte rdependencies amongst the various systems. A 
purchasing system must examine the accounting data base to 
see if funds are available before a purchase order is sent 
to the vendor and the purchase encumbered. The account- 
ing system must depend upon the purchasing modules to 
provide the proper encumbrances so that the accounting 
statoments are accurate. Similar relationships can be shown 
to exist between student records and housing, personnel 
and budgeting and position control and so on. If these 
associations and interrelationships did not exist, it would 
have been unnecessary to design them as integrated 
systems. An excellent visual demonstration of the interre- 
lationships was presented in a recent issue of 



^ ^ Jeff r-ey S. Lazorus,"On Executive Involvement in 
Administr-ative Computing," CAUSE/EFFECT. November 
19S1, inside back cover. 
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C AU SE . [■ F F ECT ^ Thus it is the I'ospon s ibil i ty of oacii 
ruJrninistfativG office to insure that t It ore is substantial 
uncior-st^fiuhncj of {ho big picture and their role and 
rf'Spons:l'ilit\ in it. F.iilure to du so Vr 1 1 1 result in per- iodic 
fincjfM- p'_'Mttinrj [jetvM-on ti^o .»diii i f 1 1 s t iM 1 1 ve departments, 
''Nj'.ii otif, u I n i-; the otlier f<.>r its woes. 

It ts tlie res f^i in siL)i 1 1 ly of lop [iianagement to insur^e 
that eacii of tiie dop<u- tiiierU iieads fias a kif-ger perspective, 
«i T'tTspecti ve based on institutional priorities and needs 
wincli most iikoiy are different from the local prMOr-ities of 
eacfi dopa rtfTien t . This problofn becomes pa rticu la r-!y acute 
It a ' ; I \ tni df'p.< r-tnir-nt i s con s itir rod t [io "owner" of a ce rtai n 
fiat a ileni t[vHjf:;[i it is not tlie only Liser- of tfiat particular 
data : t eni . Unless top ma nag erne n t clearly outlines its 
expectations of tiie various data owner's and excercises the 
nef.f»ss<u-y autfiority to carr-y out these expectations, tlie 
syst^nii ts drjfjinnd to failure. Integrated systems require a 
level of cooperation and coordination. If local politics are 
cf) "i ractf^ri / ed [jy confrontations, tfie chances for a success- 
lul intr(;fMlf'd system will be greatly reduced- 



Data Ownership 

T lie rrianager who is closest to the Of-ig i nation poi n t of 
tfie data item is gener-ally considered the owner of the data. 
Ov.nership of data comer, witfi an implied responsibility - the 
responsibility to insur-e tfiat it is available in a timely fash- 
ion and that it is accurate. In most cases tfie owner of the 
ciata IS also its heaviest user and has tfie best grasp of its 
signif icarice . Because of integrated data base management 
systeiTis, the routine access of all data increases tremen- 
dously. Greater use insures better quality of data. 
Gr-eater access also brings to surface many of the discon- 
tinuities in information gathering and information handling. 
Hence it is impossible to clearly define ownership. The 
owner-ship of data will necessarily be dispersed throughout 
the or-gan I za lion ; failur'e to define the responsibility for the 
data can only r-esult in what will later appear to be lack of 
coo rd i natio n . 



' ' Jack S teingraber and Douglas Ku n kel , "An I nte- 
grated University Online/Data Base System: A Reality/' 
CAUSE/EFFECT , May 1982, pp. 12-13. 
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Con trol 



Any systom can be repr"G5iGnted by n model consisting 
uf inf.'Ul, proct'ss an J output, The tlii'ou st.'QCS of system 
sn;-) li IS t ic.il lori , D f'S , MIS, n nd DS S , shown a s a blac k 

box in^>d(.*l in f- Kj u i-c 2 / . T lu^ input consists of the raw 
rnattM'ial u?.(h\, tlin output defines tlie objective of tfie 
systorn anc! llio pr'oC(»ss is soniu t rar: s forma tion that convents 
the input to the output. Til is model is ver-y simple and 
vrf-y rjpner'al. It can be applied to a component, to a sub- 
syslf'rn of to the entire system. Models of subsystems used 
r-ocii rs I vely define the model of tfie system. 

In Chapter- 4 vvc saw t hnt tiie black box model can be 
app\\o6 to the three level s of systems we d i s cu s sed . In a 
data processing system the input is data about a single 
entity, tlie output is information about a single entity and 
thn process consists of selecting, sorting and otfierwise 
iiandhng records dealing with single entities. At the infor- 
matic-ri system level, the input is information on entities, 
tti^* ouU)ut 15 integrated statistics and tfie pr'ocess consists 
of aggregation along and across subsv'stems. In the case of 
decision suppor't systems, the input is both internal and 
t'xtcrnal statistics, thf* process is one of rinalysis and 
modeling .in(.i the output is decision a I tor n a ti v cs , 

Control systems vary only sliglitly from the black box 
fnodel previously shown. Control is a tfiree-part process: 



In the control cycle tiie fir'st responsibility of manage- 
ment is the setting of standa r'ds for the output of the 
system. It should clearly identify tlie expected outcomes. 
Next, a set of management reports must be designed to 
point out tfie deviations fr'om the stated stan^^rds. The 
measurement of deviation varies from sysirem to system and 
depends largely on what is perceived to be the output of 
the system. Two important methods of measuring deviation 
are througii the use of err'or" reports or' exception reports, 
Conr'ecting deviations is a management role. In fact, cor- 
recting deviations is management. A key element in the 
control process is feedback. Feedback is the recycling of 
information, new or- old, so that inputs and processes may 
be adjusted to better, or mor'e closely, meet the desired 
outputs or objectives. 



Setting of s tanda r-ds of perfor-mance 



Measuring deviations from the standar'ds 



Cor r'(;c 1 1 ng deviations. 
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In dynnniic ofgani/attons . extofnal influetices like 
i:irwkot condithjfis or qovofnrTietU fogulntions migiU require 
tli'»t i)ijt[)uts [.>o chringod from tfiose pr'oviously defined. 

' t !i' 'U ; 1 1 ill*' s \ L-.t Pdi may bt» ( - [ )f' ra 1 1 f i g as dosry nod , 
" "V. r. ■,, 1 1 1 ), - niK ;ii t ret ; 1 1 1 rt» n cv, outputs owd li once mod i t ica - 

Mt thn f-xistinc) r.ystf.MU. A (.fu-rrciivo action woifid be 
nor'd<>(J thr-'Ugh tiif control process. 

As statod previously, deviations from expected results 
■ tr-t', or slK,>uld be, reported to management at tfie appropri- 
travels of tiu^ o rga n i za t fon . Cor'rective action can only 
[)r takfMi if sonieorip ro.if.ls the ref;)orts, understands that a 
' t tun h.is t,»l-en pL^.e .,nd itntiates the corrective action 

b\ ;^rr}p'^r feodback nito the input fjrocoss. If tfie reports 
are fiot read, the process can never be controlled. 

In s-'\'eral cases it is possible to measure the deviation 
of Ihf^ output -!:id take some p redoter^mined corrective 
''f bori. f fiese c.i:-..'s rire candidates for automatic feedback 
'■''iit I'" I niucli as a fiome t [ler'mostat p i^ovides automatic 
■'••■'ib.Kt (.'.fitrol. AuiomHiically biocking a student fr-om 
I'M-Ucr tf,)tir,o when the OCA cirops below a satisfac- 

* "f\ k"- of IS .1 u trjfiKit u: r:. Ill t rol . D I'opp I fig a student's 
I ' ■ i-r (M-np,i\ nif-nt - 'f f'-'-s i •-. ctutniiMtic ccMUrol. If, on 
^k- '.;wr ii..[id, it ts touud th.it. s^y , 90, of the students 
fia\e been rir^'ppfK.I from tlioir class'':'S tor nofipayriient of 
ft 'OS, th'-n pe:-h,ips thoi'o is d img in the program or- tiie 
procf^ss th.it (..'mpletes tliis task. 

- " n t r-' 1 1 IS a function for ;i 1 1 levels of m a n a gem e n t at all 
st.i';f'S oi the pro(_,e-.s. 'Iher-e ai'''* usually three types of 
c-nt rofs : 

• P r^f^ven 1 1 \'f> con t rol s 

• Alar'ms or- controls for rietection 

• Co r rec 1 1 ve con t rol s . 

1 fie objective of pr'eventive controls is to reduce the 
frequency of error and hence reduce the exposure due to 
tfiese errors. Tfie frequency of error is reduced by 
reducing tfie opportunity for error and by proper training 
of the stciff. In tfie development stages of tfie information 
system, preventive controls come from project management 
techniques. Tlie user s major- f-espon sibi I i ty is to insure 
til at tlie system being designed will fulfill all the agreed 
upon needs . This is done by close and continuous interac- 
tion with the development team. 



142 
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Pr-evtMiti\'C controls are fri'-.ily .ippliod to tho input. 
1 >n s IS (JoMp hy riJit chocks on foi'inats and rangos and by 
( iM I * r"' >IU'd \ .1 hu' s <)i da t -i . 1' h n rc nt^o c o rta ni e r- ror^s that 
(..,in[M..t \ir (.1 'n t r'l .ll,'t i \)\ tiic s\-,ii'rn. (or nist.mco, assiinie 
th.it ri (Ja t.i rfc- i r( ! ai t,i n t s the i m( if 'S \ and M for the sex 
( )t t^iM s t ijd.Mi t , f- iM't liar s u| )pi')<..' that th(^* admissions office 
fnids th.it tlw'v ha\a' no ininuuhatc nf.M.>d fcji* tho data on sox . 
h'.'V, t.'\ (M- , th(^y <io havf a prossiny nooci to distinguish 
h'^lwoofi stud.?nts who apply for fr-oslinion adtiiission and 
th'>so,\vlio afjply for- adfnissions to tlie riiastors prografn. 
(Joitr a rbil i-a raly tlioy docide to use F for froslnTien and M 
tor {Tiristofs. The edit r-outinos will not catch this change, 
,is I- a[i;.i M are [:)otii v,ih(i (.oiios fr.r" tho system. Clearlv' 
the intogrit\ ot tho data has been conipletelv' compr'omisod 
for- anotlior user- [say the housing office) imaware of this 
l'>oal change. It is ther-efor'C essential that each user' use 
t i le :,y s t em ,ts desiq ned . This is tho most impor'ta nt p re- 
\*'iitive ciaitr-ol. Changes to tho system or to its intended 
nsf' sh'juld c]o through normal change pi"ocesses. 

T' I'- vn 1 1 ve ctjntr-ols in tho output stage relate to mat- 
tors of sf^cority anrJ oxpusur-es therefrom. In a batch mode 
uhfMO rf^siilts, ropor-ts, cfiocks and other sensitive docu- 
m-Mi'. s <in' pr-intt.'d, it may r-f^f;uir'o that special hancJIrng 
f.>r-(:icodu r-es l;o miplemontod and documented. Controlled 
distribution pr-ocedu r'es should be used. In online systems, 
various security procedures can be built. Access to the 
data i-ec;uires that proper DBMS conventions and procedures 
be followed. This knowledge, or lack thereof, forms the 
fir-st level of security, Tf^e second level of security comes 
from the data submodeL The applicaton program or pro- 
grammer knows about and works with only that subset of 
data that is neecied to fulfill the job requirements. The 
till I'd level of secur-ity comes about by controlling the termi- 
nal access to data. This type of security is a; a function 
level. The Registrars ter'minal for instance, can see stu- 
dent data but not payroll data. The fourth level of secur*- 
ity IS at the data level. Data level security comes in two 
forms: inciividual security and group security. It might 
be desirable to permit only one or two individuals in the 
payroll office to change salaries. For individual security 
the restriction is not on the value of the data but rather on 
tlie individual that wishes to access it. In the case of 
group security, the restriction is on the value of the data 
that might b*^ displayed- For example it might be appropri- 
ate to allow all departments to look at accounting data. 
Terminals in the departments would accordingly be author- 
ized to look at accounting data. But a further restriction 
m>ght be tliat Mechanical Engineering can look only at 
Mechanical Engmeer'ing data and Electrical Engineering at 
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I""' ''II 1 M'jiiKM'r'inr-j (-!,it,i [)iit not Aftv. nnd Scu.mjcos fJ.a.i. 
I l)is .)f r-p'-, I r'ir.t ion i;-, on the \',')hio of c.l.-itci being dis- 

I'l.r. ii-i Mm' \\ ..t li.it.i ,<n (in.j.l.iy . 

'"^.l.irrns , (-r i-ntf..!-, fr.r f 1 1 ■ t * { i- .n , ..>.irio m t lu' form c^f 
•'[•[■"f r.';'"f t'. ,ni(i rw.i';.th>M t'f^fxirts. I lu^y .\\^n coino i \'o\]\ 
ft»% ).»\Mn' ; the (.(.nl'Utts 'U sh.>rt life fiU's like susihmisc filns 
•nil! cltMnnu;; ,i r.(,< mi ri t s . |i ttit* i.rMitnnts of suspnnsf? files 
' ■ 'I' 1 n ijf to ij\-'>\\ , it IS .J sure i ndiCcU lor^ of t ruuijie . If 
<" ri nr; rif.c.ou n is I in-f-.i ttMi not to r.le^w , t ln:n we ii<TVu a 
■-•Ti'Mis .H,(,>.i)nttn'] fwoiWnin. It is tlie in.ln.igor-'s 

'H 1 : M 1 1 1 \ to ,)t tii»',f .il.inns ,»rid t.ike co r r-f.f. 1 1 \'e 

. t c 1 1 n , 

foc 1 1 \ f» contr-nls afp coiitfuls tliat are l.)Uill into the 
■>\'''"ni ti> liclp idfMility t.ie p r-ohlem , not correct it. in 
' "iiif ' N If r ; > r. M ) r.irns an (M'ror s tat erne n t t liat spoci f les t lie 
n.idJr-f (<t tln^ crroi-, where in tfie progrnrn the er-ror occiii'- 
rf'd .fiid v,li'-n 111*' err-or -occurred is an example of a correr- 
^K'* (Mctf'.l ![?■('(, II vi- i.< )n t ri.H s aniicipaie the occurrence 

''t the rrrdr ,irui fircphm thf (jatluMMng of dat^l for its reso- 
I tj t [. pfi . 

tilt' rif'-.t imp'.rl.inl i ^ >r rf -c, 1 1 \' f ' c.rjntrrjl is the audit 
t rai I . Audit trills rpcorrjs that contain enoug h infornia - 

tiun [^> pt'[-init the r("f:uns t r uc t ion of past events. Audit 
tr.iils prcjvid" tlv aSdity to fi^Mow a given transacliot) 
thr'''ijcjh the sy^tein at f.hff(M-ent points in time or to examine 
<HI t ra n sac t I'.n s in the sy^^.tem at a given point in time, 
Mi.-^U ripplication systems maintain an audit trail of their 
own. 1 his IS most helpful for error corr-ection or for 
1 iotoc 1 1 n- ; system misuse. Iri addition to the application 
flu (i it Iraii, thf> data base inanage:7)en t system has a system 
hjg that acts as an aiiriit trail even tinough it is prtinar'ily 
ciesKineci for rfs^'over-y (i.e. recons true t ion ) pur-poses. 

I n sijmin.jry , tluM^ , a data base system sinould bo 
sfH.ure. Thts security comes from its ability to prevent 
improper and unauthorueci use; its ability to maintain a 
comprehensive audit trail; and its abihty to recover frc^m an 
inadvertent or intentional d a in a q e . These characteristics 
tire possible if management exercises the pr'oper controls 
and tlie users of tfie system are identifiable and the system 
riionilors their activities througfi audit trails. 



138 INIOKMAIION MANAClMfNi" ROLXiS 



PKinni[ig for Chango 

I nit*-.'. S' )f tw <M-<* t<M:lu»o|()r]y c li -i n ( jc;; rdcl i c.i 1 i ^ in the 
1 1 ^ t t . 'V, \ <\\r\ , I 1 1 ( ]• ' \ ' ' I ^; 'III' ■ [ 1 1 ' 't 1 1 1 1 1 'ifiM t K iM s \ s t t'ln s \\\\\ 
■• ' . r i 1 1 f 1 1 J t' t ' I ! ,i <: ii .1 f ic ) " X [ KM 1 M \ f ' I ' f' "i ,( 's s . In ri rc ! n r to 
r.'rii tilt' .jip.ils I'f tlir I n 1 1 1 1 1 1 H M I (f\'('r an fvtfMi'ifMj \>('\-\o<'\ 
« 't t ' , .t iM.i tf'f j ) I ri n t Mf ni f 1 1 fiM.i t' >f 1 s v s t f 'ins s tuju I d l.io 
1 t'l' 'f MM j , \ \\r iii.r.-.tfM- sh'Mild Lx' [),i.t(mJ un a rJosu'cd 

- '( >-M-.i t u K ; and iiiri n at jrnuMi t fMi v i ron rnon t . T h f a ;;p i ra t ion s for* 
.HI u; 'n ra 1 1 n <j en \ i r.. amnion t in t h n f u t ii fo must bo based on 
s. >rnr' ts ; km . 1 1 v r ■ ''<t w h ,i t the t u t u re will loo k li k o . If t rie 
in.istr«r [)l<m is l)as'^^d on cnrK.f'pts, f^n i» i [ 'fJ)e n t and technology 
t M .} f V r. t t' m!,) , t h " n b\ 1 1 1 f* 1 1 mf t h s \ s t ems a r-e imp I e - 
m-Mitf^rl [\^"\ \\ i i I rait of rl, it--^ ,ind relativoly speaking 

I r if'f f IC ton t . Because (jf tlie rapidly changing technology, 
ttif rtiastt'r \>\.^\^ has to be an a n 1 1 c i [ja to ry plan based on the 
( • II phi K. s > »f the future, not the conditions and req u i re- 
(iifr-.ts <.)f tlu' f.>,ist. further-, the plan should be reviewed 
and r f ■> \ I s • u f ) e |- in cj i c a 1 1 y to reflect the changes in t fi e e n v i - 
r-iriMicnt Siin.e the planning hori/on for such a plan is 
iftir I'' Tr,(' v'''"""*' '"^ imporiant ttiat the plan be an evo- 
lutionary pifjn th.jt specif if? s not only where the institution 
rwM'ds [o be in the futur-e but til so how the future comp^o- 
n t M- 1 1 ' . a r f ■ ' ; o i n < ; t ( o f > \ r> t v. 1 1 h the x i s 1 1 n s y s t efn s a n d 
;>ro( ('(iures . ihis plafi will be x t r(^rtiel y us(Mul to the 
system designer-s and the user's alike. 

The next step in the planning process is to identify 
those ar-eas that fjlay a cr-itical r-ole in the success of the 
f>lan or- have the most immediate benefits. These areas 
slu.ajld outlineti f<,w- initial implementation. Most institu- 
tions proceed sec; uen t la lly through the implemejitation plans, 
tal-ang onr» !;ystein as a pilot arid sciieduling the other 
sequentially behind the first. TItis pr'ocess has many 
hazai-ds. R eq u i r-eriie n t s of other' systems are not easily 
civailable and t her- e fore cannot be planned for in the pilot 
pf'jject. Moi-e importantly, however, if it seems appropriate 
to buy a software system (such cts a student records 
system) then this procur'ement will pr-oceed in isolation. A 
vendor supplied system tliat m.iy be very r-e. nable from a 
single application viewpoint might be totally I'ladequate from 
a total systems viewpoint. 

It IS r-ecotnmended that tliree or four areas of develop- 
ment be chosen as critice^l applications. The functional 
requirements of these areas should be completely defined. 
Armed with these functional r'equ i remen ts one may now pro- 
ceed with the implementation of a pilot project in one of the 
areas. Should it be considered appropriate to acquire the 
software from outside, tlien at least the proper que:itions 
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'Mil ! .iiU-.piJ <>! )Mij t I ntrrf ,i(;t's wi t li rrl.i t('< j syst oiiis .md 
) I J ( i I )tMii('i 1 1 '■. rn.K 1 p on I lir I'tv^ f )()n r.ps . 

Hhj f ,1 r \\r ,n( 1 t t ,i rn.i s tfM" \ n s hou Irj [)n 

' ''I' 'i 1 . Mm:, m,)'-. t»'r f'l.ni 'Uioulci -ui tit: ip.it f futnr-c toch- 
n"tM(j>y .iricj !)t» <.;ij!)jf'( t to } um'm." 1 r-pvunvs. A core group.) of 
^JfK.tM'M.il ,iro,is I^Mild hr i ( lef ) 1 1 f i (?c) for' irnplniiiofit^'itiorj . 
Hh' f I j IK, t r wi.il riM ; II I r<MiHM 1 1 s r^if these .ire.is i;[iould be spoci- 
tifM.j. ArMiMM'i vvitli this infor'nidtiori wo should pr^oceed with 
t lu' iiird. r \ fM'S u - buy dt^cis ion . 

I ht» (IfMjsiMM to df^velof;) tlui software in-house or' to 

buv it I', -III I [iip- r ; ,t n t nruv I'hfM'c is wo cj earcijt answer'. 

I h''» .M.( >nor:n(;-". .nid ixihticr. nf tlu' eru'i r-onninn t will bo 

tlu* rii<i|or dfjter-rnin.'ints in this dncision. The altei'nativos to 
in hr-M J s d e\'fH op iTif Ml t a re ; 

• SuftWrW- ('\t:\],M]r]f\ either- drrn^ctly wit^i cinotfier institLJtion 
or- thi-fMn;h C.:AUS[:'" 

• i( >i 1 1 1 ( i " V tM"pm('[ 1 1 with .1 not ti eM- i ri s 1 1 1 li t ion 

• F'lir-ch.rsn f r-orn ,i verirjoi-. 

•Ml 1 1 1 ' .1 1 1 " f[i .1 1 1 s h oil h.l bf » f ' \ ,iini nt.'fi , I n Ivmi ':. e 

de\' (Hop fTinn t pr^~)riiises to be tune consuinirK] cind expensive. 
Outsidn sr>ftw<u-e gerjnr-a!ly cannot iicidt-ess cill the i^equir^e- 
inrntG or- pf^c n 1 1 tu'i t ics of the institution. Each institution is 
( h s 1 1 lu, ti ve' <Mid sfioiild be. We do not need a monohthic 
fuhjcation system. Wiier'oas institutions are indeed differ- 
tiot, sorTie of the aciininistrntive processes are common, 
Ihiis there is a fjr'e.it potential for- acquir-ing ver*y satisfac- 
tory softwar-p form tfie outside. Regretably most, though 
not all, of tlie vendor- supplred appMcation software for 
institutions is fjasnd on ontmoded technology and operating 
procedures. It would be fair' to say tfiat if someone gave 
away a completely batcfi student record or accounting 
system, it would not bn wor'tfi taking, for its price in the 
lofjg r'un woukJ equal its value. This statement sliould not 
be constr-u<^d as a cornplote denunciation of batch systems. 
Sofne applications work ver^y well in the batch environment - 
like automobile regist r'ation or food service menu planning. 
They work better* in tfie onlirie envir'onment but the benefits 
ar'o not as riramatic as in the case of libr^aries, student 
r-ecor-f.Js f)f accounting. 



^ ^ CAUSE is the pr*ofessional association for those 
engaged in tfie de velopmo n t , use and management of infor- 
mation systems in fitgher education. 
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\ \) C\).\\Anr 4 w<* p<jint(Mj out tfip <lpf icienr.>' \i\ tlio f>r'(^- 
st'iit ( If'vtHi ipnicn I [^cricf'ss. Tho fTutjor doficKMicy is fel.itf.Hj 
to tlu* h'v<*l of invoi vtMTient of tho user in tlie entir-o pro- 
(f'S'-.. Ilic rc.H f]u(»sti')M ir. to find jn of^titiuil mix of 
I IK ji V I ' 1 u.jU in tlu* [.) r< )j(-'r.t cun s i st incj of botli usors and 
ini[>ij t(.M' [M'(;f('ssion,ils tii.it will tuijotliei* tichievo the pr-oject 
^>!:>jc(:t I ves in «i r(MSon.ili|(' tinu^f r'.iine c)t .iffordaL^le costs. An 
<j ttriiipt vv.»s rn <ulc to rnudr'l sof tvvd re rnan [)ower' costs^'' .isso- 
( I'ltt^j with the development of softwai'G. The model took 
sf'veiMl VrU-uibl(?s into consideration including ovei'tinio 
(«)sts, costs of intei-dction witii uscm'S and otiiei's, adminis- 
t f.iti ve ,in(i c^the r nondi rect cost s , a vei-age d u fa tion of wo rk 
I n ter*rij [)t ion s , ,t ver.tge tune to i-egen ri the t i\u n of thou gilt 
after an intetu'Uf^tion and so on. Wliereas we do not neces- 
sarily ag r*ee with the nietfiodology used in the paper, its 
conclij s ion s a re fa r more accepta ble and ag ree witfi some of 
our <:Avn rnanagemont exper-iences. The paper concludes 
that t lie cost of a project inci' eases exponentially with the 
rujnibei- of p rog ranime I'S assigned to it.^° Indeed, one of the 
clialleiujes of systems design and pr^oject management is to 
keep costs linear, both with the size of the project and 
witli its complexity. 

Tin.' [),iper also coruJurles that in all cases project costs 
iW'p rnirnrnizod by a project team of one. This conclusion 
says nothing about the completion time of trie project. Our 
experience indicates t!iat for complex projects a very small 
and very competent team gives the best overall results. 

'n light of the previous discussions a p rojrct team 
Id be organized as follows: 

• One user representative assigned exclusively to the proj- 
ect 

• One or two computer professionals assigned exclusively to 
the pr'oject 

• One individual f r-orn data administration assigned only 
when needed to the pr-oject . 



' See Bob Esterling, "Software Manpower Costs: A 
Model," Datamation . March 1980. 

^ ° The reader is referred to the now classical book by 
Frederick P. Brooks, Jr., The Mythical Man-Month (Read- 
ing, Mass . : Addison -Wes ley , 1975). 
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1 Ik' rrs[)uf)si!)tlitv (m' tfir u'.fM- i-<'[>rps<Mit.ai\(' is to .icl 
'^f " l.csni.in for- tfie ijwm- rxM^js. It is tin.' rps| .f )n s i ( ) 1 1 1 1 y 
"t thr; i5Hli\u<ij.il to t.ilk to th(^ \'.inoiis n'"^'^J('-> dot(M-ininn 
tli'Mf 'mi-mMs ,in.l tlwin ififnfMntMj .ilxujt tlio (Jinn:- 

ti-n [M'..,r-t>ss ..f tlip i-f'ij.'it. I(i .1 s.Misr, this intli\M(]- 

'J'll I t lir in tr'rf .irn t,, tlir "nut sit !(^ Wr irl< I . " Cunip I c ( .-^ 
'■"■'('""■' I - " 1 1 ^' i "I- ♦ iiiif t h >i) ,) I s| 1 1 ici t u ms , iisfM' rlof.nmon ta 
^i"n 'Hi'l '^'TiH' port iiiiis mI iisfM- trMifiii)(j should [)f with tins 
i'idi\i.liMl. Morr.>\ pi-, ihf> mdiv uiij.if should l.x^ Vfry fcHinl- 
i.u- ^Mth the ,ir(M inuior cor-isidorMtion foe <i u toriin t io"m . 

I he (.•■iini >n t(M' [)rT.)f('ssion.ils rdiould work to faprdly 
inip'i'Mnf-nt the ossf nt i,d Mpoi-,,tiiuj (,o(n: '(;n fn t s of tho systoiii 

\ i"^; ff-purls .nni h^.^lls /iiu! wfiistlcs for l.itf r. F hny 
should bo working dn'octly witli tfio user wit lie ut any wr'it- 
toii (ipsKjii or prurjr-animing r. per. i fi cat ion s ' Wr'itten matpr'inf 
■diouhi l>r usf^d onfy wlinn it is dcvMrtfrj necessary' to clar'ify 

situ. ill on tl),jt \'CM'L)al <jnd [Victoria I ([i<uid dr-awii] means 
Could not. Idir^so indivtciuals should also act as channols 
thr<-air;;h v'dufdi .H i d 1 1 1 o ii a I r-esourxfs are funnelod to tfie 

)jt'c:i on ,\ :d)(;ft tfi'in ad hoc l.jjsis . 

Itio fJata <idnii n I s t ra t ion ("jrc^up sfioukJ bo involved dur-- 
tho d.ita l)aso (jc^snjn st.Kjf^s. I" hoy sfiould alscj be 
i"^oh,fMi it DOW ci.it a itoins ,iro u 1 1 rod Uf;o('! into oxistinq data 
!)asos anrl if tho vaUjos and the uses of existing data it ems 
are to be changed. Cons idfM'at ions of seen rat y and author- 
i/od uso of data ar'e also items in whicfi the data adminis- 
tr.ilion gr'o-.ip should be involved with tlio dovolopment 
tf^'ini. F-in.dly, it siioijld be the responsibihty of data 
ariinin I st ration to see that the auditor's ai'e ap prop r-iately 
involved. The system sfiould rueet the auditability requir-e- 
monts. Hovvover\ under f^o ci rheums tan ces should the audi- 
tors be dosigning the system. Tfioy should bo evaluating 
the proposed design for possible exposures and potential 
risks. The decision to take tfie risks is a deci s ion of man - 
a.gernent: a af^cisi^n pr'oporly made by the user and tho 
( ; f^v oloper . 

Periodic project roviews should be f'^eld with tho mem- 
oors of tfie users group and with other member's of the 
svstern development group. These roviews should provide 
prevrows of the system whenever possible. Tho overall 
stfatogy is to r'educe the cost and incr'ease tho 



^' It is only fair to point out that the opinion 
expressed her-eiii is not univer'sa!ly subscribed to. For 
example, see T obey L. Mjllor\ "Applications Development : A 
Whohstic Approach," CAUSE/EFFECT, July 1982, p. 13, 25. 

lis 
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rt t c. 1 1 \ ,M it'ss nf t < 1 4 ■ \ i ' 1 ( » [ . m i ' 11 1 ( 'fiM I"..'. I )V irK | .t Vt'cy 

Mil, ill ;,r,,),M t t.Min; tu hnuM in .til iMi'tn'S ifivolvtMj with the 
j,rM|*'( t (ir- .ifj.M ttMl 1.^ it MM ,m inf r*M}i;tMit hut |-('i)iil<u- h.isif; 
I,. Ji.trr wilii lliffii tilt' I'liMirr ..I ttn^ ;.rM|(M I; tr) t.if 
,,, !. Ill i, ,,,,, I r<-.<'N {•( "mIv v.in'M Mjrfl; ,tii(! to lipsiqn .ni<i 

( ; 1 I K I- I >y mm; 1 1 tMlM'M t ! i<r. It. \ I rin 

the h.isi' i.V't''"' I'' "1 'ipfMMlion <i l.injc lujiiilx't' 
Mt jifopic (.,ui \)r ,iSMi)np(l to fh'V('l<n' ^'i^' fcf xx-ts .iiiH othfM' 
tcitu I cs th.it .t sy'.tfMji ,iK\ .lys iifu^ds .nid wit hem ♦ wIik.Ii it 
wijhi n"t l)o .1 pr<i(!n(.tiv(' "r uscini systf.Mn, 

.),,((. .in; -irtt' . til'- "I'ff.ttrtMi.t! i cs; xii i s i! n h t y tor" tho 
.;\st^'!ii rniisl r(--,hiM to the usfM". \ u-,(M- i^h.MiUl rio 

-V(M-vthiri9 thril I J r(n]L] I rfn:i :jn a d,iy-to-dtiy bnsis to fnake 
tht> systorn work. 1 h i s inrJudf.^s d.a.'i entry, iipd.itGS and 
tlu- riniiiin') of sc h (mJ u I ed .rid (uJ hoc r'c>f:>orts . Tho user 
, ,f f ,c,P s h"idd h.ive onf» or two conu-M.ito r' professionals on 
their- st.df tM lu>lp coor-dniate the operations of the system. 

(.),•< I / .it r Mi.il I V thf'ii , thO information sy siein ,jr. ti v 1 1 los 
shfjuld L)e snpp' a l''d [.y t'^ "ee units : 

• ] h,. with ('fr,|»lpte . .f leratP'in.il rf^-, ;)r>n r, i 1 1 1 1 1 1 v and with 
r(':\ pi,n i ! >i I it y t nil n* iiMni t f'l i a {it,e . 

• Tho syiitfMTis development staff with responsibilities foi' 
now systfMTis development and major system riiodif ications 
but with no day-to-d.'iy opei'ational responsibility. 

• The C'otnpLitinfj Center which provides the r-aw compute 
power .-jnd acts like a computer utilit/. 

In addition to these throe groups there is a need for a 
fourth gr-oup called the Data Base Administration group. 
This latter group should be responsibile for all the data 
within the organization for its a v'aiUjbility , it security and 
its inteqritv. They should also act as teclmical consultants 
for the user groups that cire managing their own systems. 
The inoividuals assigned to the user offices should be 
r-esponsible foi' that portion of the data that they "own." 
The Data Base Admi n istratoi' should have global 
r-esponsibtlity for the entire data resource. Notice that the 
D.ita base Administrator is a support group and at the same 
time a control group for- the decentralized operations group. 

User developed applications are written into the future 
of coinputi ng. It is the only way software can keep up 
with hai'dw^Vre. HcTrdwnre is moving too rapidly for present 
software techniques and practices to remain viable. The 
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Hr( «Mit r.ili/.t t iMii ' i| t Ih> < ,| »,MM 1 1. >ii,il n",| kiiimI .litt V jor' 
■ I' inufir. t iMt I \ •y.triir. p, ,ih iiii[M,rt,mt '.Ifc in pfr(.,inii(| f,,r 
the 1 1) 1 1 1 rr . 



M"''t 'it I,m« id.t- )('■, III ('Xr,trli((» tdd.iy, ,»( 

tli"'««' l'Uu)iJ.i<|('s Mi.il ,)(■(» ii'.i'd \Mth <l,it,i I), ISP ni.m.M MMiKMit 
'<V'«^'-iiv> , .ii-t' [>ro( (mIdi-c wricntt'd I . i n < ) i j ,»f jps id (ImI (lM>y 
ity :;t<'f> l)V [).niiti]l ■.((•(> wh<il tiic ( (jiiij )ii Um" ii(>(>ils .f) 
< lo ■ M IS t lip ri< |nf , )t t lir. f ir'n(,r( In r-c 1 li.it in.i k(>s wr-it i ncj 
^^mI t\'..ir(' s" flittuiilt .iimI f ' V f >'M i '. I V t' I IwM-f n, ,i ii(>\\(m- fjf'ii • 
'•'"''t h-,n of Liii' ; ij.iMM-, n'-,('cl ^vi t h !),r^f' y; ((mhs ciI Ifvl 

ii'')r)p|-(H:(M] t J r.i I 1. 1 n ( j i nrjc; or ) |pm orKMi ( (ul I.uhju jcjrs . 

I H»'s«> l.trifji J.iijcs {ic:> h.i\'<' f ) iTicf'flij i-f l,ut only in ,\ 'u,\(..\o or 
!>'<''|<1 sfMisf. I hey l.ir.k tlie tlrt.nl 'f'vol of sfMH:iftcity 
r-<>'|iJir'><l in Lnn jti.i: )cs lil.r lOUIKAN .nul COBOL, 

II''' 'I' <[)[ > ru(-.p; In r<i I km< j^'Ml'^^^ - '^'-^o ' J'^''^' ^^^(i I'th qon - 
'MMiion 1-10' } n-t' !f 'S , .n-n (jfUMinj f,)o[jnictr. {"s.iin[>l(«s of some 
of tlir fonr-(li rjf>n(.,M( lun l.incjnaqfs arc [-(JCUJS, NOMAD, 
l^\MIS nrifj iNOnifU,. Wf^ l^.ivc .ilre-idy s,-nd Ui.it (lie dirr-c- 
t I'Wi f.n f)nt,| [',,1-,.. M,)[i,M i^niMfit 'd-nis is th,> f <(d -i ( h .fUi I 

■ModtH. Its (juu:('[)tnril siinjdKity ^nid (Msp ot uso c.ui easily 
rTi<)kt> it ,! powerful tool in tfio ha rids ot the coniputor pro- 
f f>ss K^ri'i 1 .Hid tiip usnr. A ct.^iiibi nation of a powerful four'tli 
I'jerieMMtion latnjuage witli r^elational ciata base will go a long 
w.iy to\Vrn-fls ad'.!rf>ssinrj r,omc of onr software f")rohlenis. 

I ho htefntnr'o rofjorts truly dramatic per'for'rnance 
iMir)f-ovorT^ents that .u-o possible by the use of these ian- 
t-lU'irjos . Tiie Rnnk of AnietMca hcis [)()() NOMAD applications 
running, all of thorn user developed with the help of a few 
con*; ultants . ^ ' FOCUS, too, h as shown that iiiuch improve- 
TTiont IS possiL'e witli frujr-tli gener-ntion languages. FOCUS 
has a Innguage that cionttiins a wide range of Fnglisli verbs 
and Fnfjhsh syntax. kOCUS also suppor'ts an "integrated" 
relational data base. Integrated is defined to mean "tliat 
evnr-y single relation in tlie data bank can communicate with 
ever^y other relation via any like key field oi- data field. 



Daniel D. McCracken, "Softwar-e in the 80's: Perils 
and Promises," ComputerWorld , 17 September 1980, 

VVe are not sur^f? if that is a good idea. 

N. S. Read and D. L. Harmon, "Assuring MIS suc- 
cess." Datamation, February 1981. 
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!^'Si;;riod io be used directly by the tjsor. It fins an 

;i-,-;>' '. '•; r ,1 j-))', I parftiQO that all"'V.'S rosults to bo plot- 
itf) • I)'' -..Ktu' t'Mst:- as printtnq thpm. 

i '1.- t.'tir-'h (■.;r-fK'iMti''n I j n ^ ; n cjr^^, /trt-» inf-fficiont in tfToir 
. t ;• 'inpMlor rr.r:^ . l \)''V nMy \<\ke rtnywher-o 

■ •■•n Ml, ti' ;)'MJ', rn'>r-p rfSwiiiTf^s rlf p Piui i n on how 
!\ r-(":in--st cWid tht'^ sMpportirKj (^i-itd iriatcli up. But 

I • ntT' ijtrM- r,ij':^ts dr-<.)ppin9 this siU'Uld not be n concern 



• rt.iiri Lli,n-,i-,tPr- man i pu I a t ion s are not e-isily per- 
• r. til-',!' l.ir,' ;M.^'^.'S . A p 1 1 o t n. r i s lb., 'it ro-'jUire this 
•Alii i;,".f to .!(>r'r-nri on th^ COf^-OL. PLH or For- 
] \\c rM'j^t important feature of these newer languages 
ti, it th'^\ p»errTiit " i n t er.^c 1 1 ve development" or^ prototyp- 
'j A i;'..T spoil:; out a requirement ^ind can see it in 
r [,!ti if: :ii ,i couple of days or- less and decide if it meetN 
f - -'rTif^ n t . If it ci';'es not, it is strripie to 90 througli 

U"V\ ,ind anr/dier till a satisfactory result is 
• . , I . , ■ ; ■ y I ' I f ■ , } s , 1 1 i f . 1 ( *L ' w- \- result is < , 1 1 i ."^ : ) u'^ i n e q u n s -■ 
' ':r . i;> ^.^^ .,.!firo ;s»"C^ . S'i-..]ld ' task be 

.. V : i.T^ ;'..r-;.^'' Mr ...,1, ' ',0 r. - ,i - ■ r , t ;<i i 

:'';mj'..' : -MP ' ' ^ \ o;tu'>: 1 f., tu \>(' ("j.iifir'd not tif^, the 



with thr-S'-;' touls is, as \'et. , \fr\ Iuti- 
dts are rhMiiiatir. We rniqht soon have 
of d I \ o rr. 1 n q ou rsel v^s f '-''-ni our \ 1 s t ^ 
''a- 1- ! --^ r to a r ! . p t t f v--- it'' w t c b n o I ( q \' . A 
lit t hf-n '■:^n .-^ r ' - ' ■ hr.;- la w t li 
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INTRA-INSTITUTION COMMUN I C AT [ON 



"... That society can only be understood 
through the messages and communications 
facilities which belong to it," 
Norbert Weiner 



Con.municntions is an important aspect of institutional 
administration. The ultimate product of an institution of 
hujher education is knowledge knowledge that it create- 
and knowledge that it imparts to others. The written and 
the spoken word remain as the primary means of communi- 
cating this knowledge. The cost of creating, storing 
retrieving, transmitting and reading the words and text 
generated on campus is readying frightening levels Stan- 
ford University reports a 535 million a year cost in text 
processing and communication alone. This does not include 
tlio cost of the atfthor's time to create the material and the 
reader s time to digest it. The cost of photocopying alone 
at Virginia Tech exceeds $1 million a year. Nationwide, the 
cost figures on information transfer are even more stagger- 
ing: S129 billion are spent annually on communications of 
wfiich SA.A billion are for typing alone. 

What has this to do with university data processing? 
Everything! The issue is one of productivity and of effec- 
tiveness. A student recruitment program that can send out 
high quality personalized letters to prospective students 
stands a better chance at recruitment than one that mails 
out an uppercase only computer printed letter or, worse, a 
form that checks the applicable options. A fund-raising 
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\.s6uld bo r.:-lr-aivo!v i n ef f r»c 1 1 ve without 
:'i . , : ■j.ili/.-J" n.-iitiixr- • Tlv-^re nfo .il^-o sirinlfu- px ainpl'-'-' 
'h*' ^instit',li-n TiTr fnctilty spr-nd numefous hour: 
th-' ■/-■'(•i- ' 'f tiw'i- so- r.'-t.wif'^ . Dunng each 
i.,..,'./,M ,r,"\l,.^ dr.. unif^nt p r . • , > ,M t m i , pr,,.:..cs thoy hnvo to 
....,,.,♦,.11- ' h -.v '.'r'tv..^'-'n MMl.tfi'- eh. ill to tniprovo the 

n.u' ni."ih,M<; rh.UMjPs'to <ivuicj .Kiditional rotyp- 
. s >r vlv Sf-u: r-p*.,i r^ , Sot rf't,)r-i*'S sp<'nd n uincM-ous Uou 
•,.,'l,,inV til'- vrifi'jus vers lull s of tlie s^inic docutnent tiM it is 
,.,*,Ily"';n.i.!^'d out. Tliose ar-e only a few exnmplos of tlio 
US ,Hic: ttu' unnoco'j;scn-y nnd duplicate wot-k ttiat now 
,,n 111 ouf institutions, rxpmonco indicates that auto- 
j. ,..,,1 h.iri'!hr,r; s s t • -iii s h,i\.- ,-111 iiTip'Tt.un pl'-icc- in our 

I- :KTi,>rit ' Wh.-r-.- ij-od in <in o t f oc 1 1 v e manner tliey 
luc'- tlip tunc for document prcp.M-.-jtion , reduce the work 
,./,*..uaod v,ah It, <ind produce a better quahty document, 
t [,,'■, h,,'. i(. r-esult in bettor productivity. 

-iv.'SP MMt-. -mated systems cost-effective? Tiicre are 
♦ , ii,V'd\od lioro. The first issue is one of eco- 

(;-,t 'jf .u) avor.iqc ielier is inor-e t'nan six 
\[ , . ff. ,,,, htth- -Mid.--r tiir'-o (Jollars loss than 

[ r;i.-^-, ' .I'l ^ : ;^im,; t 1\ ^dwuinf iiif« uav 

J,- nuul, ttK> i^'-'.ts .iro sure to continue to 
iMSo are tPH.] directly to personnel costs. 

V ri'<;nit;r;ir^r i rnr' ^ ''^f^^*^ " ^ ' p r d u c 1 1 v 1 1 y is tlie only hope 
,n ^!p,r,,',n;:,,., tii-so risinq f;osts. The secorid issue is an 
i..^,,J.^ ..t normssity. Most institutions -ire facing hard times. 
' jj.HS limited r.nd positions even riiore so. Improve- 

M,..,/. ,n th.^ fpualif>' of our programs will come only if we 
'.r./lW^.M-e profiuctive use of all our human resources. This 
H-.'.hos oqucilly to faculty, professionals and clerical staff^ 
--utj-Hit of an institution is rneasur-ed by the output of 
tvultv At present, based on a very small sample, the 
^V.'rsi.nrml distribution in an institution is about one third 
tv-.]ltv^ on-- tliird orofossional and one third clerical staff. 
• Vw. „'-.''lu-^^Mon of text r.rocpssinq tr)ols iias the potential of 
tl,Pr' ihanqino the ratio of this distribution or increasing 
output and productivity keeping the 



t [ip f,, f't-all faculty 
satne frUio. 



The qrowth m farm productivity has been a direct 
,-...,ilt of technology. An average farm worker is backed by 
■ r, (,fi() ,n capital equipment and machinery. An average 
f-^ctory worker has an investment varying between $25,000 
^40 f)f)() {depending upon the industry) backing his 
In the case of the white collar worker, the average 
iMht IS reported as being only $2,000, 
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fvnrji'.'nd Kf-nsiicin (Wgues Ifirjl if an investment is made 
f ' <i|Mt<)l t-quiprn,Mit needed in the office en v i I'o n men t , tfiis 
■ - '"-'Uu^'nt -A ill f .r..M.:(jce a groat er rotur'n tfian the same 
''■■''""[tt ID tin* f.trrn or in the factory.'^ A $5, 000 
'"•"-''"''■fit \\\\\ IDC. i-f',tsf* tlip cjp tt.ii investment for a factory 
'f^- -'V i-'Ht tin:, 20:, ad<jitional investment is not 

'''•'iv t" rcsMit m .1 2i}', inc'-Pdse in productivity. On tfio 
'^'^'f h.itir! ,i i[>, {){){) in\T'stinpnt in an office envii'onmont will 
n-t I'nl) d'-uLdc tlie prf'Sfnt in vestment but will also cliarjge 
til.' r'Nt'i-o approcich to tlie work done in the office. We w'tll 
'ti.ifi'ir not L-nly how we do tilings but also what we do. 
i his (.-ifi [)P triiK -.igiMficant as large numbers of people are 
"I tlv' 'dfice f'li vi rLaiment . Already of tlie 

'^'^d' IS ';"ri''r'tt''d by the whitn col hi r- labor- forxe. In excess 
"t 13', of the totdl labor force is white collar. Clearly lar-ge 
potoritial for- significant improvement exists. The percent- 
• i')'"- 'We ('v,.Mi iii'M-e attr-active in the academic wor'Id. Their 
P' "dof t ''.■<{':. {-.er'tainly lends itself to tins technology. 

^'I't^ifiirig f.ir 'jffiL^? automation may indeed be the most cr^u- 
iD.il 'Uf'.i in I f I ^ 1 1 1 1 J tion til planning. 

I h.' r f'riMiric if'i- of tfiis cfiapter examines tfie various 
^ ' t ''1(1 p rof f", ■, I [ 1 ( ; ,nid nf f 1 CO a u torna tion a nd t\^f^ 
phv'^if-al mtMfis of t r\i n siii 1 1 1 1 n ( ] thf^ tt^xt and messages gen- 
r-rriter] ,tr:r(»ss the institution. 



Office Systems in Perspective 

[ ht^ fijdt.tions pfM'for'ined in an office environment may 
l.)e grcMifM^i into five broad catagories: 

• 1 e X t p roc ess ' n g 

• Text di<-,tri!)ution 

• Text r'Of > r-rul u c t ion 

• f^ecnrvis f n .> n a g rinn n t 

• Admi tn s t ra 1 1 ve s uf-j;"jor't . 



^ f^vayrnond Kenshan, President, Management Assis- 
tance Inc., Now York, N,Y. 
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A text sv ^^tefTT wtll be constr'uf'd to cotisist of tlio fifst 
tv. 1 .tli-^; .r-h's • text processing .ifid text distribution."' 
I.'\t f.r.Mfc,<,if,r5 IS tlif^ function of readmg, writing, revis- 
ir; :. iiiiinj .\u'. r(.'t r-ip\ I ti( ; text. I ri order for a system to 

N'odnl it n.>s t(> bf^ b'ltl^ ,t\.nUible .nici easy to use. 
A . itLi! niitv irTi;.|f"; th.it tlie r.mr f > i j t prs s u i rt i n 9 tlie pro- 
r.--.s l..^ lip .inri tfi.1t ennijcjii loi-tniri,fls Lie d\Mil.ible so tliat a 
■ooM- li.ts rH,cess ti' the computer system. Idie writing of 
t-\t inv^dves tlu: ^ntry of new text, merging of new text 
v.itti i.UJ text or tnercjing of old text witli old text to form 0 
nev, text. The c»b 1 1 1 1 y to write in niathernatical notations or* 
t'M-.'Ujfi hiri'jujf;os I nip 1 1 (^s the existence of special fonts and 
riuu-et.T v"ts, rh.' f\rw' ^f rf'\'isin<j of the text ciepends 
I ,M" :el\ >.<',) the ^'d: 1 1 ; r.,i pn I) 1 1 1 1 les of the sy s t em . The ease 
With winch a cpveri lirie, page or wor'd can be found deter- 
iPine-. the p.-wtM' of the editor. Once found, the ease with 
v.fnih ne^^ text Crin be added and old altered determines the 
pr' )riMct I vt t of the user. The reading of text is facilitated 
!.;\ justification, [t y phena t ion , spacing, etc. of the text. 
[ hf entirt' process is [helped by automatic aids like checking 
speiiiru;, nijniberinfj t<ibies afid tigui-es, and automatic foot- 
fi. tint), in'i-'vin'; and f ;< •[ 1 1 > rat 1 f 1 g a table of contents. Filing 

S'^t lias tv.o partis fvise of r-etneval and secur'ity. 
I fujs a filing system siiould be easy to use for the author- 
i/oci Ljser- and difficult to Ljse for an unauthorized user. 

Text d I s t r- 1 b u 1 1 o n may be accomplished in two ways: 
online and offhne distribution. Offline distribution deals 
SMth copying, printing and mailing. It requires computer 
suppor-t for- maintaining mailing lists and producing mailing 
Libels. These are functions that we are all too familiar 
^vitli. Online distribution deserves some careful analysis. 
There ar'e two types of systems dealing with online distri- 
bution electronic mail systems and electronic message 
s y stems . 

Electronic mail systems are point-to-point communica- 
thMT systems. They transmit infoi nation from a source to a 
fiestination wl^ere it is printed. At present electronic mail 
IS a S2 billion 1 n d us t ry domi nated by Western Union and 
ITT. There are two basic types of systems for electronic 
mail : teletypewr-iter systems and facsimile systems . Tele- 
tvpfuvriter systems can only transmit characters of informa- 
tn.n. [<icsimile systems, on the otl^er l^and, can transmit 
g rapii ICS 1 nfor^mation thus letterheads, signatu res and 



Parts of the next two sections have appeared pr-evi- 
ously in various corisulting repor'ts prepared by the 
authors. 

1 5 J: 
- • * 



IN f RA INS riTUTION COMMUNICATION 149 



to t, N/ituf.-illy, 

E l.vjtroDK. moss.irjc systf-ins rir.il witfi ail .tspo'.ts of text 
r"'"^'"^'^MiM . If] .icJditiMti to (!i';t r-i!)titifi(] tlu' riK-;s,,(^e, thoy 
.ifo f.H:>,ii)lo <.f [>r-<.viciiM<; .i u toin.i t u, h.'MflcM' i n fu fna t ion , time 
st.impr., riistr-il>ijti(Mi lists .wicj .ickix .\vU»f Jgr-iUM) ts when tlie 
ni-'^, s.Kjo IS f(>c(MVoJ and fo,id; of r-odirT'ctinr; tiio messrirjes 
.ift.M- cidditmiis or ."i I te r-.i t ion s ; and of br'owsing, inclucJing 
r ilni'j ,ind r-nf iling . TUr size OT the text in the rnessc-jge is 
nri inipor-trHit f.u:t<-ji- in dpt^'M-jni ning the kind of system 
f''"'.'-' ''d t.,. ■.Mf-f-irt th<' ,n.ti\itv. It iUi' SI/" of the text is 
•■^f^""'"- 't IS i,alh-d a rrii"<-,(j(jc: \.\r<;o t.-xts r're r.,,,Ilf.d fihys. 

Since the mess.-iges are small, the .:oinputer configura- 
^"'f' sijpp<.ft ing a niossage d i s t r'l bii t. ion facility is not as 
'fdK.il .r, in a jilo distr-ibution facilits. Online file distri- 
bution c.Hi bo a ?;i-oblcrTi creating large bottlenecks in the 
nr-l^\rM k unk-ss adequate plans are mrde for it. The problem 
1^ r-(>!,it»-': \(> tlif afnount. of data to be t r-a ri s f e r^ed and tlie 
car-arity -,>! tlu> rmtwor-l' to suppor't .he dnta, let us analyse 
th.' pr-S, lorn, 

^ 'i^'f'f' ff-* th r-ee coniponerit :i i n a tex t system : the 
computer-, the storage disk and tne terminal. Examine for a 
rTi>-;nient the data tr\a nsf er amofigst these comr^onents . The 
hniTian intefTace to the system is through the terminal . 
Compared to the computer's ability to transfer data, the 
ability of tlie human to read is very limited. The data 
transfer requirements are constrained by the reader and 
fience pose no significant load on the system. The link 
between the computer and tfie terminal does not have to be 
.J very high speed link; up to 24C)f) baud for character 
information and up to 19,200 baud for graphics data seem to 
be quite sufficient. Half tliese speeds are also adequate. 
Thus the link between tlie computer and the terminal poses 
no pr-oblems at alb The transfer of data between computer 
and disk is a higli speed transfer*. Disk drives are typically 
located near- tfie computer and fience pose no new or signi- 
ficant problems for liigh speed transfer between them. Now 
consider transferring a file from one user to another. This 
implies tiiat the data will be transferred from the disk of 
tfie sender- to the disk of tlie recipient. This disk-to-disk 
transfer^ will take place at fiigh speed if either both the 
users have tlieir* disks (not necessarily their terminals) 
located at close proximity to eacli other (i.e., centralized) 
or if the network that connects the two disks allows for 
high speed data transmission. Unless the files are central- 
ized, file transfer assumes the existence of a high speed 
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tiquft>s can be t u< srni t led aknig with t lu^ 
iric s irni lo s ^ stems req u i re rritjc }^ I a rqo r- 
t iu - M-t. 1 re a rf- mci r"e ^' x [:^en s i v e to use. 
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(J.tt.i trMii'.;ini-.sh-Mi notv.ofk . I h is ir. ; )f'rli,i[.»s llu' niont. 
...r-h,M'-. . fi-,i.-i'. ,uitrir;r' r;\ ri i - t r' i S 1 1 1 or) wtt! procosstnri *'<';ui[->- 
rn-'iit it [.l.u.»"; ton cir oat h [jiJi'fion on tho nntwofk if ffO- 
.;u,.Mt til" t!M(i ,t('f I", f irsi r-c{J . S I It f. o wT' <M'o nK)vinrj inorT* 
.ini! rii'M--' C.v,.tr'i'-. .\ lilc trMii-.ifw f'n\ i rrtniTUMit , iintwor'k 
( !i:Mit..ti'Wi:-. s!i -ulJ ,i ['riinr' cm i '•. i rifM-.-U ion in 

St ,-,i,.t 'inri'] th.' .iMii.*' ,ni tMm.i t m -ii f ■ n v i i'' minfMi t . Tlio ft'cniiro- 
tT-,--nt v.'.'ulfJ t,<\'"r- (.'Mit r.ih/fN] v.MrrJ p mc .c ; s i n rj . 

rh(M-f» <n-p ',r\'nr-al cp:)fmner-cn»!ly a v^iiLible oUt.I I ' iriic 
M""',,i^jf' sy^;ttMii?;. t >,iiTipi('S at-e Tymnet's Oniyme, Tolonots 
i,.|,.ni,iii .md [.).iCi[..i(. s t tPv-rjy 100. Mnss.jqn systems arc also 
r-, , j III tli»' It. 'AS • ;,'[ I -MMt K'li "f (..iiiinipr-cial networks: 
^. C ' ! 1 1 1 e t J t n s S \' s t . mit; (SI'S), \ o r'O x "I c 1 r corn tth J n i ca 1 1 o n s 
\.M\vork (\ten) and ATI s ACS. The development of mes- 
•.,,qr s\^trMn^ ha\'e been quite r-apid and, as is gener-ally the 
, ,r>f ;n .in\ new f>r-oriijct area, ther-e are no standards. 
Srvpr.t! st'indards are needed if message systems are to 
<;,nri in n^r-ukirity and use. First, there are no standards 
for u\> s<\r st ruct lire . The problem of standar-ds in this 
,,,..,1 ,s f . .inpl if.ttfui by ttie potential use of muki-media mes- 
JOS. I - , mt\tM'^ t^'xt with voice, video and graphics. 
\..(r,t,d, tlierf. IS no sCind-ird way of hancJIing the undoli\ - 
rred nif^saoe. An undelivered telephone call (busy signal) 
or- an undfTi v(M'ed letter- gives an indication to the sender, 
but this IS not true, at present, in the case of an undeliv- 
nred message. Third, urihke tlie telephone dir-ectory, there 
(s no universal directory for identifying the individuals to 
vsfiom the message is sent. 

Fven though there ar-e no standards today, standards 
work IS underway . In fact , there are several groups 
working on it: the teletex group of CCITT (Comite Con- 
sultatif Internationale) , the working Group 6.5 of I FIPS 
( I ntenational Federation of Information Pr^ocessing Societies) 
and ANSI X4A12 working group 4 are all addressing this 
subject matter. 

Reproduction concerns itself with the copying and 
printing function. In keeping with the philosophy of 
source point data capture, many institutions are acquiring 
typesetting equipment that is driven cither online or offline 
from th^',r word processing operations. This connection 
eliminates the work, dek^ys and expenses associated with 
manual typesetting. There is also a trend to use the high 
speed printers connected to computers as copiers. It is 
easier to have the line printer or page printer print the 
required number of copies rather than producing one copy 
fr-om the computer and xeroxing the rest. Budgetary con- 
siderations and charging algorithms might, however, be the 
final determinant of how the document is produced. 
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v.h'.'lo <n'ea of <«( iini d i s t r.t 1 1 ve (i^\[<\ pfocossing 
i' • • ' • it''t^lf t'"i rr(.i)f(js ni'm.ifjt-^inprit . Rfcor'ds m.inarjo- 
"I'Mi t I n <; I lit i.'S [ ). it h C'-'inp ij tet- rocor-d s n nd paper' r-ecord s 

'li'-' U'ttiT'. ' ■\ f fiirni'ix j.iti- 'iis , pij Tf.lirisp ofdefs, etc.). 

!t ril-,(p idiIikIps tilt' p(M-in-t[i*Mi t -mt. Ii i \' i n < ) r>f the cririiputot' 
' ;'-i"MMt'-d r-'.., , ri , ill.' list' '>\ til*' f;ofi;;iijt.>r- opens tfin pos- 
s I i 'I i 1 1 V f ■ .[■ ,1 II t i Mii.i t !(-. .i t c li i \ ,1 1 .1 f i(i r'ot r-ipv-i I of n rc hived 
ft'',, I rds . 

Adrnini t 1 1 \ t- s u ppor't deals \vi t [i things I i ko calendars 
' n-'du los j , f.ifil'ty s t: lied ii 1 1 n cj t conreriMice rooms], tr'avel 
ffSf • r\-,it ion , r.MT!! ( i< fc r-; and rclrited rjf f ice c hor'es . Wher'eas 
•^11 "t ti)i-. ( ,it; wilh t!).' ht'lp of M corTiptiterized 

'ni. th.'M'.' I ,1 riiatt.'f '^f pri\arv rinci coiitrri that must 
.iddr-essed. By f>lai:incj the calendar' on a computer 
::\'-.tpm <-.ne (;i\os i.ip the liber'ty of doter-muiing whicfi meet- 
' !'. f)( )t t' . s( lif'du lo ; i.e., it .i I lows soriieone else to control 
thf '-.( h< 'd(i N' . Suicp this unknown assault on the calendar 
' • h.i n- jf^';, ■:,.'Ma! hohavior-, this particular application is not 
1 1 1- V t ' ' i V fM'v popu la V . T iie privacy question , of 
i'>iir',r, ^:(mI'. tim trit:; tii.U tiie c<aiendar is available for 

' 't h ofs * ■ s • "'■ \', li ' ■ rf >.i s hemes can h^e rjpvi s ed to limit the 
' S " ' • I] !■" • ''. <\ I r. I n ' ] f.. .nipt.' V ; , rs' onipt uif ; .t h^uri thrns to 
dct.'nnuo' \',\)i> \Ur\\ or may ru-t sf=v^ your' calendars it is not 
t.hsu- tti-jt tht^ tunrtiofi 1 1 1 hfH.orne popular anytime soon. 
!-iov\e\'fw', these functi'ius ^mII indeed be i nci spen sa b le if and 
wlien thf^ V, hite ccjilar ki[.)or force becomes a cottage indus- 
try, ('hapt-'f 9 desr.rilies an iriteresting scenario associated 
witli tins p'''ssibh' migration. 

Iri this sec.tiuri we have tried to outline tiie various 
funr.ti(,>ns that w.juld b(^ necessary in a property .uitomated 
*")f f ire . f ho kf» V' P^oin t to note is that office automation i s 
more than word processing. We also made a distinction 
k^etween electronic mail and olectt'onic message systems, 
Tfie rest of this chapter will deal with different aspects of 
wo r-d p f-oc es s I n g a n fi with the facilitating n e two r k to trans- 
fer t hf» ciatf^ a rou nd camf ni s . 

Word Processing Attitudes 

Vir-ginia Tech recently conducted a study on the 
fi.itiirf^ ruui use of woi^d processing on campus. The stiidy 
was directed at department hearJs and seci^etaries and was 



This section is adopted from Virginia Tech Systems 
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r*''rM!uL:tfM i by struclur-cd inlnrvH'W procL>s^ ii) wiiirh II10 
'!>••;''"■ ^ "I" [( t \u\^(\ wns iiitfM-\ iewod , Fins was fullownf] \\y an 
I n t f IS M'v. Willi 1 11 (in;;) a r'Uron lal ^ec rot a r'y . 

I hf» sluHy p(;inU'fJ onl '.-.Mnu.' vcr^y mlot'cstinc] facts . 
N.',iri\ 'M^",, n\ Uif ! !.-•[ ),i rlincn I [kmcIs ir'.Jicalo(J that Ihnir 
sf'rr-«'l<irit's kfu'w \\<^v lu nsp llio cfMi I ra I i / (h1 vvofd pr-ocossi(ig 
facility ((.MS S(.J<IIM), vol only 1 / . -V,', of llie socretarios 
iftdiiMled that llu>v had ever- used I ho facility. This clearly 
{I'MMls out thai many doparlrnent iieads like to tliink tfuit 
liiey aj(» using c)ll the available tools, though in r-eaiity, 
Uir^y in. IV '"-^t L)(v Sovefal disci[:) lines in an institution do 
n>.l -my ru'*»'d l',f eitr'ct;! or' (ji)Vh"UJS application of 

C'Onip ij . It IS rn r ra 1 1 y 1 t lu»s o disciplines t li nt the 
chief adniinistratoi' has no exf:>osuce to computers or to 
c iinpulinr] . Thny dnpend entirely upon their assistants or* 
sf'( rt ' t a rif'S t<) use the data f)rocessing capabilities. It is, 
Iherrf'M-r, ri(,i sur'pr-ising that eciuiptnent p|-ocurement 
r-^'fjuosls connrif;; from these departments ar-e based lai^gely 
t.)i\ tilt' t'Ap»Miences of the secrelafies or administrative 
,1 SM'. 1 .1(1 1 in tho rif>fja r'tnien t s , It is, therefore, ii7 the 
inirr-'st ft th*^- 1 1 1 1 1 1 1 1 1 1 f > n to exposn ihn depar'trnonl heads to 
tlic I ap.iS 1 h 1 1 !'s ' >i Ihf v.irii)ijs ,) II o f-n.i 1 1 vos in word p'^ocess- 
iritj .ind fiutlinc the tr'adeoffs involved in cfioosing one 
systfMn c>\ cr I h(» olhnr-s . 

r l)p clopartnient heads wer-e also asked if tiiey would 
f>rr Iht'ir own stand alone system ratfier than using the 
! I r,'- : i ith ai s cnntr-al facility. Over 87*o indicated a prefer- 
nnr.i^ lo using their own er)uiprnent because the centi'al 
facility was "unwieldy and uni'eliable" foi' their purposes. 
F he r(^inainir^g 1 3'(, prefer-r-ed the central facility because of 
"flow ril line" of tlieir own ecjuipment. Til is obser^vation must 
be \'iewed in liglU of the fact that only 47". of the depart- 
iTients were even aware of the existence of centralized facil- 
ities, thouyfit their- sec r-eta r'ies used it, M'a of the 
secr-etar-ios actually used it and only 9'?, of the department 
ho.ids hcid fir"st [iand nxpjer-ience with word processing. 
F u I'thcM- analysis of tiie r-es u I ts of the su rvey s bowed t hat , 
by and large, the department fieads that did not have 
stand-alone systems pref er r-ed stand-alone systems because 
"thev^ would be more reliable" and those that did have 
stand-alone systems preferred the centralized system 
brca i.j sp it " wou IrJ be more reliable/' CI ea riy good service 
and not equipment location is tlie chief factor influencing 
p ref er-ence . 

Various output samples were also presented to depart- 
ment luMcis . F diey were asked to choose the samples tfiey 
liked best. Fi'om the samples chosen, the results suggest 
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tli'il V hf t > fi.'^ r)f p(jf)tM' IS ,1 rnofr urii x i f t.in t (.lf'tfM"rnin.nit r>f 

! i f i t ; • f''t i< ■ t [mm tlu' t \ ; iif [) fi n tt w . 

I !"p.irt iMt'M t lie,!'! v..t'. v,illm<j to sfxMnl on tlu.^ nvorM>"](^ 
"n V.C ( .i;...!.ilitif--, ,in<i iif> to d ni.ixifTiiim of S30,(h)0, 
I tit' (..);>.i: Mlitit's th.it v.rrt' nm'-, t t n'(]ii,Mitly inoiitioncc] , iti 
l''f . 'I KMpof t ,iM< *' w or*' .IS I o| It ivvs : 

• lull S( iTPii tr\t rf.jitor^ 

• L ,1 f 1 1 1 1 V tu h .1 ncJ h' s f um: i a I s yniLjol s 

• M-i i Inn: t . iii'-r'jo, i it h h>t t-'i-., 

• \\\[]\^ <iu,ilitv f.ist lo-intcr 

• M' 'ff^ intMii' >ry 

• i h .i! >l" I )ri r J t<M- tcriTiinn I 

• I i 1 1 1 ' ; 1 1 t s for f jos t c .i i^j s . 

•VniMi'i',! [\\>- (UiiiTuMK l.itii 'IIS of tlu' V 1 r ("J I H u'l 1 rc h 

stiolv w.is (ifio tlwjt s.Hc! th.it st. ukJ -alone or' shnred logic WP 
systpfns shotjlr-j in* df.r; u i rf>r| otily nftet- it has boon demon s- 
tr.UfKi th.it con t rsH I /f'fi f^icilitios were used and found inade- 
M'J''t«*- I his ff>coiTif]io nda t lof. is particularly interesting in 
1 1 jilt rT thf> fact thrit o'i'a of the departmefit heads indicated 
.1 f MM-S( .f lal prf>f err- ncn to ticqu i re their' own equ ipinen t . 

A study a[ Stanford arrived at similar conclusions. 
aXm cxf.t'ilfMU report on text processing was published by 
thn Cnnimittf^e on Office Systems and Technology (COST) at 
Stanford University, The report is entitled, "A Network- 
based "Text System foe Stanford." According to the report, 
Stanford consumes throe tons of paper a d>a\ . It spends an 
r.'S t iiTia ted iSf) million in preparing and communicating meSf 
s.M'^ns and text. About $2 million a year ("^re spent on the 
dcn u 'fJH of stand-alone word processing equipment. 

Stanford's study indicated that none of the presently 
avaihible commercial systems would meet their defined 
noRds. They rTiso concluded that building their own cus- 
tom inadp sys torn or having a system built to t hei r specif i - 
CrUions was not a feasible alternative. As a result, their 
present recommefidation is to expand the campus-wide cen- 
tra h zed system and, using it as a base, p rovide a set of 
Integra ted services to their faculty , staff and students . 
Tliey also recommend tfiat the number of different vendors 
for' stnnd-alone systems be hmited to a very few. A diver- 
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,'t\ ■ 'f tM;u t;*intMit f'.if (li t I'll > u tf'< 1 wln'fp ficc'lct] 

.1)1 * >'[i'\ (ii.il tliT' C'V.t ' I r ) t f.M ; ftit h ' n [ > r-nln [)it i vf . ! Iit>y 

I 1' t '\ r I , t 1 I ■•■,( I Ml I'H il ; tll«^ pri iCU f^MIlOUt of S ttWK J - cll( JllO 

. .t'-;;)', .ihi! . 'IK ' f,i ji [ I. } }..-m[>|m [,) ij:',.' tho (.f n t r.) 1 1 /{u J l.icil- 

1 ' ^, \\\<-\ \\),][ thf r('\ ■ Jilt lull HI ()Ur WOf'k (MA'IftUl- 

M i • ■ [ 1 1 v,\\\ ( ■ '11 M • :\< <[ f I'l '(II 11 M n ' ; ',f " m. i ii 1 1 / cf 1 >ii' so f > h i s t rccJ tcci 
>' I'lir 'Mfh t I'ut r.itlit'f tiMiM Uo' l.if()f» of I rui i vkIu.iIs 

' ) , 1 1 1' ; <) \ ci 1 1 ,1 1 1 1t^ I" \ t(. « ' .111(1 f ■!(. 1 1 1 ti<' s on <i ro<j u I a r and 
; at o M- I ).i a . Ain^ av i s t I hf s tat(?<J n! )j('f;t i v(^s ol tlu? St an - 
t r-.'i'at li ' ( 1 issfMiiKia tlK'ir fO[)ort ancl seek i{o..titu- 

o -a', .at'i iajsno'sscs lint iiiKjht svock coapca'a 1 1 v("l y with 
~^ *,iiiOa<i {'» lui'tht'f tho o!>jfM:tivns (■)ntlNifHj in theif propo- 
. i! 

In iT-coi ; n 1 1 n.>n > 'f t h'' p ra}s fMi t s tn t e of t h o aft in wo r'd 
:oo('-ssin'; tt'chnolo^y nno tno st.Uod ooqu i r'crTient for con- 
fi.-((r. i(v ,iiii'ai(jst tlu^ \ .aar-ajs usofs in nn i n t it u t r ai a I set- 
to i >; . va' r . ■( I anitit aaj t !i a t 1 1 ii n few exceptions, institutions 
'.hi'iik! ifi\(*st in c(Mj t (■ d i/("<J find not s tnnd -tilone wor^d pfo- 
(•■'o.iiM] > ,ip,ii Jil 1 1 I f.'!^ fiM' the following r^easoris, Fii'st, the 
>ait'fan'i'. .i \ . 1 1 ki ! > i r in s tarai - alnn o word processijig equipfncnt 
. ! . a ' »t I ' ! d r" ', t h f t < >ta I > >i } \(;n a ii toaiia 1 1 on concept des c ra f^ecl 
.il^'--. S^M ani, pfa s'ai.il OMiiipi^ters u'o [joconanjj extfernoly 
P'.pakiro \'.o l)elteve tint thn enfiaficed caf>cibilities of tlie 
p.M'S'aiid ra JiTif^utfM'S - inchicJin9 text pi'ocossing - will lend 
these f:L»niputors a fid not woi'd pr'ocossors xo be an intogr\il 
tite office woi'k station of the futune. We are likely 
{> > 'o^e fn.udiines tiint exclusively nddcess word processing 
i>oi,>an(> oxtifict. Tfie more general and versatile personal 
I'Miiputars will indexed re[j|ace theni. Third, stand-alone 
s\st**rn:; mean til at word pfocessinq would only be available 
d*^pa rt men ts table to af fo rd/a cqu i r^e the equipment; on the 
'itluM- h.irui a centralized system would be available to all 
Uuajlty, administration, staff and s tudenis . rourth, a cen- 
t raiiu'od system won Id be i n less danger of obsolescence as 
jt IS suppca'ted priniaraly by software. Fifth, any upgrades 
tc- tfie svy stern would be sinui Ita n ecu s ly available to all users. 

I tie stratec^y of the computing center should be to 
pr^)jvi(ie .1 very higli quality of service to the user commu- 
nity. Tius service should be the standarci against which the 
offoiangs of stanci-alone and other s\ .tems should be 
}t]{Jr}(vJ. This requirement implies that the centralized 
sv'-tfni would pi^ovide full scr^een editors tliat drive high 
f Ui'»l ' t y ri ri tors that can p ran t on cut slieet stationery and 
even use letterfiead stationery, Fur^tfier, an interface to 
t f^e p rin 1 1 ng plant wou Id be d esi r able . Direct termi nal to 
terani nal con n ect ions among s t u sers is con s id e red es s ent ial. 
C rip.i bill 1 1 es t(> invoke a varaoty of functions like mail, mes- 
sage, data, calendar, r-etninders, spread sheets, etc. would 
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' ni i kt' t s V !i t f'tns iik v.i I u<»M<' to wv.cv C(jinniiiii i ty . 

I '^''^ m.mm! tor pn-; ilWc loc.il f>nntiii() should not i rioccfi . 

!' iihlofMj. \('rv likf'lv tli.it thf» cciUf.ili/od systoiTi 

'■IN iK.t f. ' MiMinicilly ,ifjfjf-rss <ill i-pquiffMii«'(its of nil usor-s. 
Iri '.ISC (.Icirly ( jciM' in t r.i t <'< j rr« ] i j i rtMiuMi t s th<it <]rv un.i- 
<.n tilt' (..Miti-,ili/tM| system, like tlie (um^cI for sotne 
"'A '^"''1,11 f.Mits or (.h,ir,ir,t<M- sf'ts or thu Me<':ossity for- 
^ t rtMih' i (<nl I - jrnti.il ily .is ifi tlu' (..i'.w.^ of t hn r-(? s i dc n t ' s 



^ ' I' *' 'I s t.Hirj ,1 1. >n(^ sy s ttMTi rn.5 y i Md(MM-| b(? very j ij st i f i<i - 



•^'1 to ii'-.f ,uid ;»nv,i',ful -n t r.i I i/od worvj p)rocess- 

' i ■• V t "Ml \M ! h Im ill < J iM 1 1 1 \' [ ' n fi t (Mf )d I ty <ind con n net - 
"I'j iift^\^M-k for' ^^>rrmlulll(;.itl(^^s is cdo.irly tlio rec.ofnninn (j(.'d 
'^^f''tb''iv ^1^1'^ r^"int in tKiie. T ho rif?twork that can pfo- 

^ idf th*' o(M\<'rs,iI cotinectivity aiIi bo t[ie snkii(?ct matter of 



LoLtit i^^ctwori 



- ■■ 'i^'r " ; ' "f" 'Old ( ' '(Minu M t io[i s .u'o t WO fMfjK J I y niorrji ng 
t'-' ho'.kr.ju's . I ht.' distinction bo^tweon thotn is all but 
'*' -o>'*d, I fw r^fM.nnt .nititr'ust rulings open tl'iG dooi-s for 
sr.iiif^ v,f>ry f>\t.ilin(; of >pi-)r t ii n 1 1 1 os in this fiold. The inti'o- 
duotirin of ^.itf'Mito coinmu n i en t ion s hns made it ver*y siiriple 
to ^■•f'nrj irrfoTMTMticjn cinai- acr'oss the country. However, the 
ditfir. ultv still lies in disttMbutmg the infor-niatiofi locnily 
N'-h'Mi it IS rvM.f'i vfH.J . It IS no ex nggei-ntion to say that it is 
O'lsKM to make (kit.i flow from San Francisco to New Yoi'k 
usinrj Sritf'lhtes than it is to rjet it to flow from Fir'st 
AvcMOjo to f-iftli As'onue in New Yor'k. A new technology 
C.I I led |r,c:al a r*^a netwc)rT. i ncj is eine rgi ng as a sol u t'on to 
thts f.iileinrna. "[fie tec hiK) logy has t mined late application in 
our I n s 1 1 tu t tr:)n s . 

I It st itu tion s of [iigfier education are, at pr-esent, likely 
to have at lorist thr'fu.^ different networ'ks in operation. The 
lur.tst common network is the telepfione network. Sever-al 
institutions have a cable television network to broadcast 
educational materials to tfi.- ^ t -.rooms and the conference 
r'ooms. I Institutions with niputing capacity have a 

n f»t wot k t hcU s uppor-ts te remote job entry s tat ions 

and cr;inputei' - to - compi j 1(m- ■ i . : i i ca t ion s , In addition to 

t hese t h ree network s some nr. ii t u tion s lia ve a security net- 
work ancJ others have or are wor'king towards a network for 
energy management in its facilities , This section deals pri- 
m,ii'ily, though not exclusively, witfi conmunication networ'ks 
tluit rnay bn used to addrr^ss all the above application areas. 
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W,' will, lu)\v^'\<M', ( Miirfht I .itr lot.jj iK'twiM'L;. |nr th(^ 

■.It; '] ' I f t lit r ' ifn j »i 1 1 1 II t J . 

Ihric ,ir-.- ■.t'v.M-.il t unr.hliM-.ilh'ir th.il ItMtl to .1 ruMM.i 
t > .r .i n>*t\\< )fk . I H '. t , .i tr rfni 1 1 .il i •> t \ pu ,jlly not rr) f:on - 

■.t.Ult MSr ,W1(1 luMKP ttl(M-.» I'. nn Hrcrl to [irnVItU' C. ( ifl 1 [X I 1 1 ' T 

;,i.ft t'lr li It'rinin.il A MiKjIe [xift f..ni ()t'n(WMll\ su[)[)or-t 
[ )i't Ti t .» ni I t h fcM torint r»,il s . I li i s iiui !■ '^s it <i(i v.tn tct - 
. j.', H J s ti.> p r()\' K Si Mil f [>(.)[• t U.MK i i n<j coj I it les on t lie 

'Mii;>Mtrr systfins. ScccmkJ , it nuikc's (^xcf^edirKjly good 
to cre.ilf .wi en vir*orHiK?rtt in which ariy tcMTiiiD.'il lUin 
,i( I .my of tlu' ni.i.:hin('s locritofl in the coniputiiu] ceritor\ 
,,r- [n-tfrf ■.till, l.-(,-itr(l ,tti\AvhfMr nti tlif- c,mi[:)ns. riiis 
• t f.^t ;\ m,i l.f's ' ; - "'d use of the t (Mttii n.i I s arif I ; m-oc: 1 1 J ri (>s the 
n.M'(J for .HI iruJividiJ.ll domy a var-iety »)( coniputing on 
ditf'T'Mit fiinchiru^s to h<ivp tnoro thnn one te:'r'tiiinnl . 

In the 1 ).ts t , [.^cM-t con ten ti on and gene ra 1 1 zed access 
[.M'-cn :'r-o\'idf^d through tfie ifse of diai-up poi'ts on the 
f - .in; >i; t . .1 n< i .icon s tic cou pie rs on the toi'mina Is . The 
.idv.nttjg*' of tins appro.ich wfis that tlie existing telephone 
tw-tsvofl- C'piiki he t.ipprd for" tliis pui^pose. D' l-up snp- 
^ ttioijfjli \pry us'^ful fof vr-y rcMTiote access, is gener*- 
.illv in.jdegijfite for ter-nii rials located on campus. The 
sign on [ ) ro' f>d u r'O for" dial-up terrinnals is cumbersome at 
I) est. The ter-inifi.'»ls generally run at low speeds of 300 
h.iud to 1200 L)aud. 7 r-ansriussion at higher' speed over- 
\wice gr.Kle lines is neitlier cost effective nor reliable, 
f ij r-ther, acoustically coupled modems running at iiigher 
sptM>rjs terKi to cost riior^e than the ter-minal itself. Most 
usffs like tr> run their torrninats at higfier* speeds due to 
tlio (efficiency that r-esults from it; some users - particularly 
t}ios(^ using graphics - have to run their terminals at 
higher- speecls in order to get any work done. Thus, along 
V, it It r>ort contention and generalized access , iiigher speed 
transmission bef:omes the third r-oquirement foi" computer 
networks . 

f wo Widely differang tecfiniques may be used for 
addfesiiruj the requirements. The fir'st method employs a 
d'^ta switch to pr'ovide the capabil ities of automatic speed 
detect, port contention and access to multiple machines, A 
communication system using tlie data switch requires the 
il.a.i switcTi Itself, a rr^ocJem at each end, and a telephone 
cifxajit whicfi may either- be a leased line or a ssvitched line, 
^\',e. teleplione lino begins at the terminal and terminates at 
tlu' (iata switcfi. The data switch is connected to the vari- 
ouw pru'ts on tfie computers and connects the terminal to the 
drrared service if it is available. 
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1 I ^ ■ n I' I , I v, I ! .1 > . ; i lir ;i ,.■!■ •., I.',', (•, 

"I' ■ ^■■ ' ; I ' . Ml ■ ■! • 1 1 t . I t I m ■ 1 1 n r . ■ , i ■ , i • . 1 u , ,t 

■ t ri cii 11,, I . I [M'c ! t . .[ i I' il , -I > !,it ,1 i > .i [ r.f • t i ,i) 
V. ; , I ■ I !!■ •\ I ; ,)M.' 1 M I t h.'r' , 1 1 • l.il ,t n ' li ■.till ir; .rr', rut 
■I • * 1 '■ 1 1 ' ■ ' ' :■ I • 'I ■ i . Mi i 1 M "W t r [ [II ( I . I i 1 1 1 ■, 1 ,1 1 1,1 n .n fc j i i i n-. 
I f 1 • I ' ' t I i 1 ,1 1 I' .[ I ■ ■ • .1 :i>'\: 1 1 ■ li M II .[) . ' i 1 1 i-' i i i •> i ! , , t ,i ■, v, i t( li , 
t i .1 \ ! ; .-l lit ■ s 'I 'M t- .r t li -> I . (■<' t . ( M iM 4 1 )P 

I 'Ml'' : '■,■■■[. t ; ■ ■■ .,!■'• t ■ I ■;n , ■ i , I ■ ■ ; i ■ 1 km i ; 1 1 h . 1 1 1' ■ f i [ i • -t j • , 



ill.' ..♦[v.-c n t'r' . r i < ! r ■ m i p ; the < > luii i m i ( . , 1 1 h i n 

I" ■•■ !•■ r, the i >■ M i .1 1 1 1 mI 1 1 . 1 ; i. j ,1 i . i( ,f I ,1 f-'-M I let \\ ( icl- . A 

I ■ II I ' ■ ■( t M ' , .) lib' ! 1 1 im t ,1 1 ; ' r- >\ u ii'^, ,i \\ t Jt > 1 1. 1 n ( l\s i < i t h 

I '1 ' i' j I • ■■ i't t ' ! 1 1 .1 ( .,1 r r'>. I D ( ; c.i; 1 1 V ) ,i n ( 1 , f i t-ii i .(\ | xwrni I', t li 

M ' ; 1 1 1 1 ' • 1 ( ( I f ■ 1 I It", 1 1' M 1 'it M ' \ (■' IM I t i 5 ■ )ir.. , u n ! ( lev i (,r-s . I (i 

I ' 'Miiiii 1 1 1 : [iKwiiiiiii ,) '..i-ixmI (^jiiif, n fit)t>f- 

■ ' t If ' li . [(■ If I I' ' !■ . ! f i '.li ■. * I 111 ; 1 ■ .( ,)| , H't '■ I ii . >1 V. ' ^ r I- s MM > 

( ' 'Mi:!!. ' f 1 t :m 1 1 srni ■, . i. i f t iiii ■( ! 1 1 j m i f i f ' t> {wo 1 1 >( in m )!< n > irs ,i [-f ^ 
I I 'MA ( fr.r trnr im.ii tni)lti;>h' .i. f ,■;) ,u)(i (DM ( *or t f-p 

< i I ; ( ' r 1 ( . \ M I \ [ M ' 1 r 1 i n 1 1 i t t f ■ I » • \ i n < ; ) , 

If! li'MA nt't \>, - i r'.,,,h rhi'ic >.if t Ih^ nr>tw<>f'k fT)<iV 
'n..,f's . t[;(> t III I MI) I -. , h .n nifiiiiin "iily nt rof*l,iin t iiiu^s 
'J' 'S'T r 1 "( ! !,v^ tlif ii.-U'.M!-k 1 1 ) t pff -iLo . riif iir^twor-k inlfM-fdco 
1ms t'' (ittinr- ■,',[n(' sf.h-'Mif tlwit f>fM'[i!it.s tfic supf?f*vis(»d niK.J 
C'l' jfM'K .it (,f^ss t.'i tht' t r.tfi sini s *;h >n iTK'fiiurn. i)nc of tluT'o 
t-M tm 1 1 ; ijf^s IS ( jpfUMM 1 1 V ij s fM J to siJ ^ MM'v f so access to llio 
in'- !iiHi); p< >l|i(i< j, "f'Sf-rA 'Ki':>fi or- cofi ten tio In polling 
5rh^'n!\''> the ru^t\%ork i ii t IfM' is cnristrintly cfiecking tlie 
T'^tv, urk st.itiL^is i'>r f"« juf-c, ts ,inri tiien .i I ! oCf'i t or. clianncl 
tiTM-"-'. i') tiit^ ff»< ; ;)f>s !:s . I\C 'icr^v at I'of} :,c:ht'm(.\'j (Jopnnd upon 
tht- M'.flf^s to ,i( cr^ss tlu^ cornniu ri icn t ion s rnorjturn orily »it pfn- 
' if ■ 1 1 iif 'f j '.cfirM ii I lr>s C,(>nt('fUion :,chvnn}S V('<:\\i\ve tli c noci(?s 
rtn tlir» nf^t\v(.o4, to rr>tnp''^tf» for- tiio iiotwor'k iTiediurn. Ring 
networ^k^ of iofatinrj uru.ifM- t fu* cr)n tr-ri t ion schornc use' oitfier' 
tf^e slctted tonrj or tho token passtrif) sci-iomc for' coriipiGting 
fii r- f nodi urn . Bus ri e^ wor'ks , on t fio otlie r- li a nd , use a 

lot hnojiK^ c.ilind DSMA ("-[.) (for cnr-r-irM^ sense niuitiple access 
\^lt^^ >f ! I s ir;jri dt'l«M:l) If.' rn^nitMje r.( m tf lUio n on tiie tr'arismis- 
s 'cm tnei J I u iT) . 

T(ie wliole point oi the fiijove descr'iptiorT is to point 
(■'Ut th.it ru^twor-hs Ih.tt op^-^rate under the TDMA scheme 
•jii'jw only oru.^ user "ri the networ'k at a tune, Differont 
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\ot'A'M-k s usiii'j this t »■'(: li ri t<;] uo are 

<:■■'. I ■ !■ r , . [■..!.'•[ ; : M i (('•;■.*. r [■ S I I S i I 1 J C'.'-.l \ I .1 I 

:••--!. ;m: f c, : r-,,i.M;i:t 'J.iIm ^-m iMiiir-.n !)tts f-.-r- 

' ■ 1 1 r . I nil a [i h iv. - • r , 

, ■ - v.*. ' ' f iiiH \ <i i St ' '.Jm ' I H ' 1 1 .1 n Miu M' ifi ni - - f i i urn 
■ .:;viM'W) mutt i;.,.|.-v trK'j ( [■ [JM ) . f UM i". i.i.-nli- 

: T'. 1 ■:'..)'. u n ' j in wn k, ti li rj ,! t d s i (jf d i t s i j f - 
iip- r .i f t'l - ' r- M f ; [ i.i I . [ ) I f f f ' r't'Mi I m j(Jf • -". ■ ,»f 1 * li e 
■■'■Ml 1 ' . • , 1 ^ ( ; 1 M ' ■ I ■ > • 1 1 1 1 r- 1 ■ . ; I ) • ' 1 1 c 1 i i i I J ( I ; ri M y 

(.i;-i"s (.,in [)»■' ijsrd in [)t)tli b r.j.irj [ja ri cl arid 
i'' i l!'- (..iSi*^ ijsnd Tt.ir" hasnbaruj rnodo diffnfS 
, t r. rn t h f= lmk.' ;js*'fi -'"jr ^".H'oa d ba ri d t fa n f^in i s s ion . 
' <tbl- .1 c,-[itr\d r.irrif^r \Mre sjrfOundGr] by 

, ; ■ ' I , li ' ■ ' ii t' 1 .1 ' : ■ ■ V ; . .a i i I s ''■ ^ 'J c f fao f w iro 
; , I ■ ; ,! ; ij II i I ; 1 1 Mil , 1 1 i ' ■ ; d fdi-'- t :i ran 1 i> ai laa Ip 
1 r , d .,.ibh • r-> 1 ad tni 1 1 mn bits ; f ••>('(: '..Mid and 
.1 -a J bs t ,1 n 1 1,1 1 1 V c.; ffat f» r- ',a| i.ica t \ 1 haf i t ( [ )asp - 
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cablr- IS cor-tainiy not a 
, braai usod for' several 
Ibf' gi T'at potential of 
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j.>r- the .iiwnu n I cat ion of tf^f^dionf^, video and data 
a.ai ..\.'r a sirvjlo c.<,bkt. This is p^jssiblo due to 
b'l n' Jv. I dlh . r ran sini s s a-jn is done on channels 
division iTUJ 1 1 1 p!ex i r^G . Some cha n nel s 
TV I r'a n sun s s lo n and olhers for- voice 
1. Over- l(j,fib(j tnrfrnnals at OGMO baud 
,i sin^jh^ r,ab!e. Tiie rainiber even 
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Mrherp th*'re are thren f")Ossible aiedia that 
■jf local networking. Of O^e tfiree, coaxial 
optics a r e the iti o s t suited for t r- a r i s ni i s s i o n 
bar laptic cai-iles have extremely hi<jli ba^^^- 
-p.-ra'e at data r.ites up to J)i) nihr- 
^caus'- the rn-xle r;f t rai n sail s s irai is e 



' \\ . A, r)inesofi arui J. J. Pica/o, "Broadband 

: ao' !-< J V Ma<p"bfs (--(.a! Netw^H-king Capability." Data 
K i^n^nu} ni cut ioDj , ^el.)ruarv 1030. 



ERIC 



INlf^.A INSTITUTION COMMUNICATION 159 



\ I,/ "I'.-ctr-crn-Kjr 10' K, i r 1 1 c r'fe r-'.M i v c nf.Hsf> . 

'i' ' ''I'M. : fiLrt i SI r; r:(il s are pii i-.sed t h r-oug n tfie c.iblo it 
t f. - in il I". V.I re tnp->i n 9 , thus providi ng rnuc fi 
' ■■<'• u: \:\ I m-i)',r d r,»v, k of fiber optical 

i=> ''Lit it I-. \,'r\ diffu lilt tn t<ip tlip sign.)!. Cables 
• •■r; ♦ I 1 1 1 ^ I ij . t-ni ni.id - ■ t' . p rns f if ■(., 1 f 1 f 'ri lengths. Sc; f a r 
- 11 1-- b'"-i) iiiinU'd t<. Ill-ill :.r>r^''d ;->oint to-rnjint 



' .t f"(..-:l N.-'.\srH-k designs arp based on coaxial cable 
'ri- s . \"rnx i.orpi jr-.'i luM I s bt her net was developed in 
.tnd iJM's the b,i<, >.ir I rj niMde <T t r.i fi snii s s ion . Networ^k 
b'"'': -r, (-i\t,tl f.ibii-; - - • r, 1 1 1 [ 1 g in .1 l^f^oadb.ind 
'*• •■ '■ >ibibh-, HMKiTKjst ritiit'fs, f f 'fn Arinbix C(")r-poration 

I''- " . '* t V. I.' T" k hb.'srtt J fL.es Co rgj(") r'a 1 1 on . 

• bir r mm! is ,1 sernal - b u s lot; a I netwof-k that uses fixed 
pr lb,»t contain d.jta and hearJer 1 n f or^riiatio n 

id'-n! r , ir. ; tfi--' d'*stination location. The r^iotwork can have 
*Jt' pr ,i,.-ss(..rs r-,ich with a netwoiT n iter face module 

'■' ■'t ,t:id ' r-.tn i.init [\)r^ data on tfie nr-twork. Fth - 

' ■■ . • * !■ 'II nrtv, .aT, ij'.iing CSMA CD scheme. 

! h' - rt' IS nw - n t r-.i I [,< ,in; > 1 j ter- inainuji ng tiie t raf f ic on the 
ni-t wl- . I Hidi n'>d(* riiwnitnr's tfv sign.il chi the network 
• n : d t r.tnsrni t ^ data on I v w fu'n 1 L finds a f ree time pe t^iod . 
It tv. (-p nf^drs st.ir* t<i transmit at the same time they both 
^>b,>P i'>\' ,t r<ifid(.'rii interval of tuTie. Retransmission is 
b'-p-ijo .itit-r tfwU intor-val if no rjne c\-^o is on the networ'k. 

H \ f >(>rr h,i r i r)(d is ^ilso a cornp n te r - to - comp u ter net wot^ k 
b.fsf'd '>n tlie ow.ixuil e.ible th.it can be muitidropped at up 
fvl I' KM t ions .ilong a ithIo (.)f cable. Contention on the 
hv p'' r-i h.m re'l is fiaruJIed differ.MUly from the Ethernet tech- 
f'l'-pJ'v In hv pprxd^annel cJata is transtnitted in fr-ames tfiat 
var-y in s:/e (up to TK bytes). Eacli transmitted frame 
requires a rfsp'^nsf* f tMme from the receiver. If two nodes 
ti-.!n,snni at the samo ti:ne..thero is no response frame gen - 
r'f.ttf'd diir* to the error in t r'a n sm 1 s s ion . Detecting no 
f"'"' P' a ) t tu» fKjfjr- with H hn-jluM- pr-iority retransmits the 
dHi<K 1 h'> lower ->r'iornty n<:)de waits its turn. 

T boca I Net networ k of f ered by Network Resou rces 
( ioi^H) rat ion (Svdek, Inc.) is based on broadband mode of 
t r,Mr;rm',Mon on co.ixial Ccafjle.^'^ It supports video, voice 
'1 ri d d-ita roiTUTia n 1 f:at tr)na at va r-y 1 ng speeds on a single 
(.o.iyial r.rible in a 2L)MTiile r-adius. Digital data is 



' Sr-" bCJC^ALNf \, NetworT. Resourxes Corporation, 
Mou n t.i m \ lew , CA for tech nicfjl details. 
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1 1 ,1 : i -.tn ! t (-"(J LJ:'. in*:; ;j()c[.t.'t s v. 1 1 (. 1 1 1 n (j I • f 1 1 1 1 ■ ; uer, . i'hc ImitkI- 
ui.'jitli tlie co.ivuil cnble \at-iGS bot\', eon 300 and 440 Mhiz. 
I!-." sv,t--ni USPS 120 rriMtiquous 3(J0 K\-\z ciuinnels for its 
(it't\'. 'tr . 'p*' r.i t ii I s . Ai! units f.o'nnoc.tcd to the networ-k 
t f.i n ',fri 1 1 .it tilt' Ifiv*. l.),ni(i f i f" ] u tmic i t'S .inc] receive cit tlu.^ 
fi I . ; h: ), u ii i f C'-i-ufM)'. les , I lit' t ci n 'Wiu t tcrj O-it'i fir-st goes to 
c-,tn \ ofl'M- '>r t cui'-J.it' 'f unit whi'fo tho lijwb.nuJ is convot-ted 
to hi!;h0.iMd t rf«;Licn(.h's .mc! n * t f,i n snii 1 1 ed . 1'his arrango- 
iiit.'nt IS r.rOk'd a in i ti - s ; > i 1 1 . 1 h re t t\"m srni t ted data ts cap- 
ti;r-.Mi by tlu'' a f >f n-L'f ) fiaie spction of tfie netwot-k intelligenco 

• ituj sfTit lo thM cDnfifiCted device, The ease of system 
ritMifiitiMn ,tn<] Its qr-c,it f If* x i i t y are major advantages to 
t:ni> ■; ■ <t( }i mi i k- t »*. ■ a I- i n r j . Ihts n « -t \% ' > r k t n g scheme can 
rv. :-. t tv.i-ib. b-' intp^r'-it--^! \\ 1 1 h (;a!;le lA^ nntv.cjrks ;jr-oviding 
a new d inir^n s i l'Ti in c on n ect i \' 1 1 y . 

b-r'iwn bni\r'rsity li.is recently C(3nipleted a study on 
Imi ,il D^'twir l iriij.'*" rho stuciy recommends that tlie Uni- 
versity si I'M] l(J imp lenient .i local networ-k based on the 
brwrjdb.iiid c<.axud cable techmJogy Their design consists 
<a' ,1 f ' - ; . • I' i-i n t ( .il>ir .\:ae[n for- grfS'itfM- r-eliability. They 
[ I r-c.. f )i IS t • tt;M' [v.'> I ' k ' M { I r. ,1 1 trunk c.ibles bc US erl to connect 
the facilities on c.unpus . Oru^ cable would carr^y tiie "core 
sfr\ icfs , " and thf- f^tluM- wu'nid (.ai-r-y "special or scheduled 
se rv i(.(^ s . " E x amp I es of spjoci.i I se i- v i ces were h r gh r'esol u - 
lion graphics and hnjh speed computer- to computer connec- 
tions. Roth cables wjuld carry netwOr-k contr'ol, 
m,i 1 n t(Miance and secur'ity serA'ices. ^ he idea is that failure 
^\^ the nr>r-m,il services cable couici be recovered from by 
t finporsi i-i I \ using tlie other- cable for norrtjal sei'vices. The 
spef.i.d services would be i n ter* r tJpted till sucii time as tlie 
I. able r-ein.nnecJ lj n a v .n I a!_) le . 

' ' " ap;-) 1 1 cat ion s of the n et wo r-k wou Id con s i st of the 

follov. 

• S e:". u r 1 1 V a 11 ( j safety 

• Auyilniry 1 1 r*^ ,in(J snii)l-(' <dar-nis 

• I n t r" u s ion a I a r-ms 

• F<fMrn:'te YY s u r'vei 1 1 a nee 

• f u I ! c j I n q .ic^f'ss C'^intr'nl 



W. 5->hipp anrj H, V/el'^ber, "Final Report: Study 
C) r-oup on 1 (4fM:orTimi j n u: rit irjn s and Netwo r ks , B r'own Uni- 
versity. 1930. 



itUKA in:;titution communication 161 



• - I.) f'v ■-, t ,t u .-. in.;'ri i m ti j 

• : ni.'r-(;rM( \ I > r> ^.icU:,i<.\ s) stt^rn 

• '.^'-'i' .il '"'ni.','-' jfiit.y ,i!,tfMi >, \ .'in 

• r • ; \' M.i 1 1 ,i ' jf 'mumi I 

• ; '.it ,1 (...I 'iimiu 1 1 lent I. Ml s 

• f ' 'ui. ') ti' .ri H n< j : nU' ft,j i nfiipn I T V 

• r-. ! 1 1, ■■ill I) N.^tv. ..rk 

• C"[Tir:i LJ m t V S 0 I'v icos . 

.ti-.-.i fretworks Mi-o rjoinr} to play nr. inct-c.isingly 
""''""''''"^ I'l <'nr cninpus coriuTiunicntion systems. Tfie 

'"'f ■ ■r'-."i'i!j.}n(J MPtwurks for^ votco, video and data com- 
' 'T''V tfi(.i.-f^(J be tlu- norm in most institutions by 

tti.' nil.: -I';!!!!.-'.. 



TerrninalEi for Manager's Pr-ogrcim 

I he St.infcjffi 1 fM-niin-^ls for M.-uwigers Prof;rair\ was ini- 
tiHlIy conr.eivnd as a orso year' oxporiment. ~Tfie program 
pr'^vidnd a t ormi nal and supporting sof twa r'e tools to 
sei/'(,ted a( imif) tstrators, with tfif? primary mission of inlro- 
(iuf.mfj ru>\,v tr-chnolocjy to the senior and executive officers 
r)f tho ijr)iv(M-sity . ' ^ Initially, terminals were located in 

thf^ v\or-k areas of tfie individuals involved in the program, 
levt pi'ocpssinq and electronic message system were tfie 
f urifth )fi s pf 1.^ I'^rj, along with a filing system and a 
reminder syst. , ; Tlie standard features of eacfi of these 
four functions v,nro available to all users. In addition, a 
Jir>-ctory was pr-ovided wfiich translated thr-ee cha facte r 
narn»^ abbrf^viations ( itii tials ) into computer accounts . A 
^''•'^'"'f^ f'^r- r-f^solvincj rj u p I tea t ion s was built into the direc- 
tory function. kho directory also allowed tfie identification 
of a commonly used subgroup of individuals receiving mes- 
sages. 



• Sf^e CfMjric S. Bennett, "Stanfor'd University's Ter- 
minals for Man.iqers f^-oqran)/' C AU SE / E F F E CT . May 1981 
pp. 22-23. 
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] \\r ;-.)ri.'jf'Ct tOtUn p[-0'. id^'ri r.rir- [c ono (^dur.ition to tiif^ 
,narM';.'rs \n the pfogfam. Several levels of documentation 
s\,^rr pr-.^uif^d .il.)nr) v.'ith an oriiine iielp featur'e. In order- 
♦ ,,,,p^ ,> ii\fM-s fiioff f;r,intc,-rtri[-)le witfi tfie system, a 

,ri' ty wf .puiie pl.iyinrj softw.irn St-wTr-ok, Adventure, 
iit.ti r.-, fM.K-,h<if"'^- ni-idf' ,jv<nL>ble. Tfie partici- 

;,,,ti-n If) 'j<iinp f»i<iymt) (irot.>f)od off as work rckitod activi- 
li---. i[u:r-(MS(ul on ttie systrni, \'Ur yo,jls of tlie experiment 
V. .'r-e^ tu inipro\'e tlie coinni u n i ca t ion process, to provide 
;M'f,.;fi.<l use of C':'rTipu ters for- problem solving, to suppor^t a 
rif'i V '>J '•ft 1 1- 1* rM-rarifjenients and to create a friendly and 
tsi^v- t'-' usf> '-^yslfMii that would sell itself. Of the four goals 
i , V, » j ,i\>< . I ho pf - fxona I u sf of >inpu tf^r s for p rob 1 em 
... ,1-, ni<-; 'AdS n':'l iinf^hMTiontfui initially ciue both to tlic diver- 
^itV of problems arid the requirements for solution tools. 

Ifir .'y prM-irTient has met witli t remendous succes s - 
fi,,in tfif oiitial (jf-oup of the ruimber of users with ter^- 

niif),ils tliat .ive participating in tlie program is up to 350. 
Dv^rr "f thr'se users pay tlieir- own bills for the use of 

^t,.. .t---M V.iifMi t!ie sysieni was fir-st implemented tfiere 
s.,,.ff> ,ni .\\i'r,i'}f of f(jui- rripssages per person per d^y. 
'he n umber iuis since gr^own to ten mes sages per person 
: MT- fjay . testifying to the acceptance and s uccess o^ the 
pr- igrafn . 

Motivated by ihc success of this experiment, the proj- 
fM t teatTi !s plan rn ng se\'erai en lian cements to the present 
nffcMMog. Tiie software is scheduled for change to improve 
Its efficiency. The decision support tools that were 
(•ychnitHi from the first experiment are under consideration 
for installation. Access to specialized data bases like the 
C.ipital Budrjet file and the Legislative Bills file is now 
a \ a 1 1 a b I e . 

Tl^e Stanford exper-iment is significant in that it 
r-ffutes tiie widely held belief that executives and managers 
uill never use the terminal. Tlie key element for the suc- 
r.f'ss of tlio pr'ograin seems to be the fact that a very sim- 
ple, easy to use, convenient and useful application was 
provided to the managers. Its apparent success has 
br idged the fea r gap tfiat ma ny individuals have when it 
f.omes to computer systems. The real challenge will be to 
(jnitinue to build on the base of knowledge and the behav- 
ior pattern that this experiment has generated. 
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Pfenning for the Autom.Ued Office 

I ,,utMrn,,ted office concept is still considered by 
''^ fntMfr.t ■■ riio r-.-itr- ,il wlitcfi tnclinology lias been 
• '^^^<' tlu- L<intinijint; [)liirr*inn of the distinction 

■"■^'•*"*"" ' "'rif'ijnnrj .md (.f.miiKj n t ,i tion [.ointi; inevitably to a 
'^H,.)tfi') w-.fk MttMr-Min-'nt, (;ffir.(. autwmation is on- prcj- 
"'"^ '""'i"t .'v-n h,,ve a l.< m , i n r, i n without top rnanaqo- 

^^"'^'^ ijpp'-r-t . [sPLaiise a main cornponeiit of office 
fM--M:t[^>ntL message systems, a critical mass of 
o'-.-rs nfMjess-iry tn l,ogirt tiie program. It also needs a 
tfi.,ij.;nt out t,,r,|it.itific; network. Both these require- 
'ii t .r ir.^i.t oud fo.-.nr.Ml sij;u><^w-t ^Mthout winch tiie 
■■■■ t ; .0,1. ; t th.> gr.Hind . 

(-)nco t^jp manageiiuMit agreement and support is avail- 
tf"- M'^vt str-p IS to put together a task force that 
t ioduidiials involved in computing, administrative 
fiian.tgem'-nt, beh.avorial schMices and 
pl.hoiiig. R.-cause a proper-|y implemented office 
'"^^''"•■'ti p."M«'' t h,ts ttie pot<MTtial of radically changing 
'''''' "fi - iOMu-nt ,i.;id hnw wo interact vMth it, the par- 
us mom[)fM-s in the task force is cru- 



|( »'S 



t If if '.t t (. r I t ho \ ,u 

f.Ml 



"^h.Mjk: this t.tsk force r-eport to? Is this a func- 
''^ proporly iocatod in coiTiputing or in administra- 

[^"-'^ ser\ H.f-^ or somewhere else? It does not really matter. 

['^'' '''-^^ f'Wf.p should repor-t to tfie university administrator 
''f^-t busrness sense and believes in the ron- 

( "pt . 

A strategic ,olan then needs to be developed that con- 
soi'-rs s.-vf'rol as;xH:t', ^f tfne process. First, a conceptual 
plan IS needed tliat ciescribes the scenario ultimately to be 
achieved. Tfus will help influence tlie day-to-day decisions 
ttiat will lead to thn stated objective. Second, an organiza- 
1i<aial .ipproacfi tnust bn agreed upon. Sliould the rnachine 
i"f''ll''Jf'n(-.f^ <nuJ processing capability be centralized or 
o^>( f.t)rrah/ed? Or should a combination of the two be used? 
L'^'cal rc'dlities, the size of the organization and its present 
environment will define the best approach to be taken , 
Third, the functionality of tlie system should be defined. 
5>o[.!wdioatr.d system functions can be planned for a staged 
ifT>f>k>nuMi trition as the user experience, understanding and 
acceptance gr-ows. Thouglit must be given to ease of use 
and ease of learning characteristics. Richness of function 
rntjst be weighed against increased complex ity of the 
system. 1 he riesign should encourage the frequency of 
use, Tourth, th(> hardware approach should be defined. It 
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,fTi;-.,rijnl t.,> s t <i n d ,M-rj , /.o .:.n ofK> 'W- two (nr. fn'^-f tfian 
tiirrt.l .jiffeiT-ra typos of equipment. Tins standa rd i /at ion 
ill t.Mxi t" p^'r-sfM-vc the investment in training tmie and 
I ttw usee t-.' iisr tiio i;v'>^^''ii ^ ''orn multiple locations with 
th,. (^f [<>{ tivrno'.-.s . fifth, <»r) f> vohj t lonary implementa- 

t,,,M pLir^ rriijst he . jr-v. .-loprd , It is ifnp'.rt.iut that rneml)ei-s 
,f th'.. u.sk f>w-( (> (.uui Si. me of tluMr fnerully peers) along 
v.itti tli*» ineinL.ers 'jt thf t.i >inp u ti rx/j center should make up a 
:,il.,t .;rniip to debug tlie liardware and the software. Next 
.» l.,r<jc enough group from the university cofnmunity should 
:,(. Iiosen T(^j- initial implementation. Interfaces to normal 
r .inwnunic.ition rnf'dia should be provided so that the user 
I,-! h.i^♦' to dupli(..ite tlM- w*w'k. for example, assume 
o sor \M h('s to sencj a nv-'ssage to a group of eight 
ind'.iduals. Only nve of tlie eight have tei'minals on their 
s Tho user should be able to send the message once 
I IV (> oKiix idu.ils would receive it on tiieir terminals, the 
, ,tl, rr tlii"'> fii-";sj';es would be printed in the mailroom for 
fi.irid df.Hi\.'M-y, 

I ■,. ,f.i,,| [fiip,,f,t of tins tfcfT nology is likely to be 
>.,,,., hi,. r,ibl^'> . As <|oiMo-,>l rult>, people do not I'osist tech- 

Hjy, tliey resist social change. The po |-son ^ to- pe rs on 
( ..iiinmnicati'jn will no longer- be the same. The lack of 

V lanquagf' and other non verbal cues in electronic 
sv sterns will someh'jw iiavc to be compensated for. 

PerliHps there will be an increased use of explicit ver- 
cues in our language patterns. Or multimedia communi- 
I,,tions using voice with text and graphics - will become 
tlie nof-m, I lie secretary/boss relationship will definitely 
ciuinge it is not clear how. Because of these changes 
that ,w-e hi-ely and ottier changes that we cannot predefine, 
tlie participation of tlie behavorial scientists in the task 
fr;rce for office automation is ver'y important. 




NETWORKS AND SHARING 



"So, Nat'ralists observe, a Flea Hath 
smaller Fleas that on him prey. And 
ttiGSf) have smaller Fleas to bite ern. 
And So proceed ad infinitum." 

Jonathan Swift 



The Economics of Computing 

To the Lisof the most inif- l-uU impact of tfie computer 
system bocomos tfio trme it ttjr t^s, from data entry to fin- 
isfinrJ r'oport circulation, to get his job done.'*^ To manage- 
nient tfio most important consideration is that the work be 
processed in order of value to the institution (and as effi- 
ciently as therein possible). These are two conflicting 
criteria and each group must be sensitive to the concern of 
tho other if the two concerns are to be brouglU into some 
commoJtous arrangement. Tfiis suggests that the institution 
miglit well establish an internal/external marketplace for 
data processing services. A marketplace analogy would also 
suggest the desirability of decentr^alization and networking 
.IS coinpf^t itive tools. 



^ Material in this and the fol lowing section has been 
adopted f rom R . C . Heterick, editor, Virginia f nformation 
Systems Exchange Network Plan, November '974, We are 
particularly indebted to Charles Goetz for his insights on 
the economics of computing. 
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,^r;titi"s, -^i^.' Mill J !)t' siiLijf'Ci to il^c t i.Jiid jrnoii Iril or;(.)noinic 
.;Mr-> ♦!,,,! h''\v ■Mil llww^ 1' IT sour- COS bo put to rnor-o 

1. -Ill i I)-- i\ .Kit.H . "t (if-t v.'tI, I nc] boccirno niotx' 

r,'f 1 1 V, I ; "M Mi*' .t h >n < .f ' » • 1 1 1 1 , i . ' ill " I't'Sf 'Urcv. u sf? is con - 
,-.-;>t';.tll\ m;:'!!! - I'If'fi Hit.) ,iIIh r«tn.-' ,m'-i t<'M-hiif)!o'jK:.il efft- 
, n-ru \ Mt tli'".f. t.M IwK >iiH;i(. ,il p{ t 1 1 ■ i o 1 1 r. y is tlu? tnost 

; t r,M ■ ;ii 1 { "lAv .1 i(i . [Mf-rfb, r(M]i|iftn'j tint tlip s.irno outfiut mix 
, ihh .t ! p i-f.ti ii'-jmJ with t cwcv inputs; wh.itcvfM- is pru- 
fiMJ'-.t b'^ pr. '< iuct-ci in a t ec b nnl 09 icd I ! y r(?sou r'ce - rn m - 
I [Tii / 1 ri< ) T .1 i 1 !• )ii .\ I Inc. 1 1 1 vc^ r-t f icioncy ns k s n inor-e t hor'fiy 
ipjo^.tiMii v,iii(h [),irti( til.u- Miitput fni^ slionld bo clioson, 

,t\,-u M'.Mt -ni ,ii[n..^,t 1 1 ;ii 1 1 I > ■ :, niiJiilM-r <'f '">utp"it CMnstoll.i- 
ti ,it-.> S i.lwM' [ .urn. tent with .iiiy fixor] r'f^s.-jtj r'cn 

nn.lowniontV bi s n iTi , nfticinncy is desired botli to liow 

i-nipntei- snr\i.''s .n-e f ) r'(,>r! 11 ced cHid also as to exactly 
v-. hii ii mT'. nn". '»*» 1 1 1 ! f M'l jr! ( j r.(>rj . 

(.nil* r,i ; I / f'd (rui n igenmn t is in t be best pos ition to 
, ; ij.ir.ihl f." .tll'M-itivo nffinrMicv wben the conditions fof 
, , . : . . n ■ , • ! , ' ■ 1 M • ■ , , i I M I \ s I s . i f s . 1 1 1 s T n ' ^1 in i h e i r- p tn s t i n e 
t , r'ln ). • I ♦ K ,1 ! ly , the "cf f r-ct 1 v ♦•nr-ss" '"'f .i 1 to r- n a 1 1 V e output 

irnxfs must bf^ susceptible to uan 1 1 f ica t ion . Howovei', data 
P r-'.i(.nss 1 11' j serwes .\ Wide SfmctruiTi of extrofTH^y disparate 
i:ses wliif:h .ii'e relnti^nly difficnit to coriipafe in a meaning- 
♦u! f ;ua ntitn tiv e fashion. This non - c onipa r-a b 1 1 i ty emerges 
f M- at ir-ast two major reasons. Tbe fir-st, and most impor- 
tniit. IS til, a tbe "effectiveness" of tlie uses will fr-equentiy 
l.w snbjnct to widely divergent, although perfectly defensi- 
subj.-.v. t ) ve evaluations , even by "expert" observers . 
[he other is that, subjective factors apart, the very diver- 
sity of the data pr'ocessing applications makes it unlikely 
tfiat any centr-alized evaluating agency can realistically 
ariuiss and coordinate the human expcM'tise necessary to 
assess properly the consequences of alternative data pro- 
cessing p>ol I c les • 

llpr>n r-ef!f^ction , it sfiould be recc-gnizod that this two- 
f..>Id ecf.nritnic optimization proL)leni posed by data proce,,sing 
systems is mer-ely a special case of the tecii nological and 
a i locative questions facing the general economy. This sug- 
gests that an analogous altocative regulated market-type 
network C)f competitive consumers and suppliers would have 
c.' jinp'^ll I rig ,id va n tages . 

In a competitive economy, technological efficiency tends 
to occur because users have unfettered freedom to gravitate 
toward least-cost suppliers. Allocative efficiency emerges 
vvfien suppliers competitively seek the possible profit oppor- 
tunities ignalled by user's" monetary "bids" for differ-ent 
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•• : .;it t.-r .■[,{ .i.-r t i\ i ■ \ .i I ■ j .t 1 1 ■ ■ m :, 

■'■>'] t ; ••^i-'-, ,ir-' \% " t < ; I ) t - > < i Sy thf' ff > 1 , 1 1 1 \' 1 1 1 (; i niK ' s . 

'•'"i '■■:!'<• r.i; !,((.; t It's i)f f ! I f f (M' O fJ t USfM'S. 

'■■ ' ■ ' ' •■ ■ I : . I'l t r i . •! : ■ .1 1 t" ^ t f| )ut..i I I •! Mt'i. t U"in IS SOiiK' - 
• 1 • t . Mil. ■,'..'!■ ;ht I [M ; i '\ i m . iiiic m ii ( ( • t f i ♦ > ( ! i s t n [ . n - 

* ' ■■ * I ; ' 1- • ;m, I ^ ! M ■ f' ■■;<! :■!(■( ! .w " i ii '■. t . " I 1 1 1:-, 

• ■ .i; >; 'ii' ''i '1'' v.iiliifi Wx- 1 1 n i \' ( ' r 1 1 >y <MitfM-f)ri Sf 

Mir' , ;;i;^!it-r- tiifnliiKj |.'\,-|'. or " 1 1 1 f : ^ n i u >•; ' ' s ; ) ( > n r I < i [ .) I ( ' 

■ ; ■ » • 1 * : ^ ' M ,' r , .iff ' t ■ fill I fit ] ! )y tof ) ntri I i,|f jCUHMl t <ifl 1.1 , 

■'i ''.'m; iM. I J'. '-Is itt K Iriun 1 s t 1 1 \ "rnoneN' rn,i n rujn |-s " 
T i,i 1 1 ; .■ . : : h .n i ■ rf-.. ^lIn•tM^^ , thfv^o Tunciifif} if'\'('is 
' !■•( I .1' M , r"l.iti\f' [ ) r-|( -n t it^s wliicfi siioulrj b^} 

' ■ : ••■ ■ I • ■ ; ; ' i ■;■ it r i. ■ i j ; . . 1 1 . tint - 1 t'M-s H<Mi c'' . if 

: i : ; . i ; . ■ m ■ j ;■• .i i r( f 's .if'' ,i ["> ^ > r> f i 

■ ■ t- r-^t!"-; ttitMf f.MS ts. tlm l)uirliMfj procpss !>y 

■• . ■ :iM'". .in t-Mi'( ti\t' fnccliaiiisin to <^ qf^j r^'^')'^ t e tlu' 

i ^t'-' ti..w;-",'. !iMi.;iii.-fits Mf iisfTs .iiu! call for-tli 
■ : - .Ml; >i|t on s t ■ > 1 1 • i t m 1 1 s . 

'!-■ ; .,t [ if-t V. ' M-r I IS t h [ ' f'l M fl I S r ."j f tflO rinioilO- 

' ■' ' ■ ■ 1 ' : I ' f I ; i 1 ' I ■ c If f ' 'in: ) I M t'M i \ >, Sf ><) im I f.- ,) n ci 
:-'■■••< : . . i [ i !,/■■• 1 < ^ ,>:Mf )i j t • > r ■;\:.tfMn is 

• 1 1 i \ .1 n ' ^ : ■ I ► . V, f • t . • f I ( i [i> 1 1 1 u 1 1 . of /) 1 1 p t wo f k s 
I '1 - ' ' ■■ I'l' i 1 1 ■!'■(. .(;i[;u K I !■ -1 !!■ .r t iidk'. ,it l(MSt ,j i ' ; ri i f i ca n t 

it r ) 1 1. I li-t.'-fMi) M)p ( IM .in(i tho I i.) <:jo\'icns. 

' i'-' ! *''.tt \\u- ni'tv. ■■t|. t.ikf^s 1 1 i f < fi j: ),)b 1 y complement 

Ml" i'i/<tthiM p hi h r,. [ 1 , ,t nm n r if] ntnrvi t . YUn cen- 

\ •' ^' i -r, .f, ■■"] V \\\ pre -M.iijlv ffMtufT' H sinrjlf^ C F' U witli an 
tM 1. t I :; ■ !."v 1 ;.(':-. k'(".it,'rf at Mi.^ r-r-iiK 'tc' site?;. 

ii', !,i .fMl ( ! I M fi Ml J t M in rid Ml r'occss i n g 

kM !s ir. tn ri c. jn M f p ] ra t I'jn tiiat essentia! ly 
')t Ml" t ' ! f I f . 1 1 ' 'f I 'if t[i>' OTitfal system several times 
'\*'r. \[ it ,t MiftKjjlt to anticipiatn its incumbent pjrob- 
i"fiis 'if 1 1 n ri ef:n - s.no I y kifrp-- * k'M:'')rTirn u e t ca 1 1 On s costs, cMita 
io fid.Kn.it's . oi-r /.riip,! * ■ ! ) I" .i'CPss methods, \'arying levels 
'f t-'Mii'::,!i '.Nr.p-.rt, etr,. A ^ ; e< irp- ,) p ii i r [)rr-.ikotJt of data 
1 n I j '.ijppi.rt I'mMs ['> Mimkir' f)r'(iM[nnis aitliouqln soriie 
hoi ■..P" ' pp' u-t I Ml 1 1 M'S .irr .Aatki[>!e if totally duplicated 
ii .u'd v< ,t .iod ('..[){r-'>| systerTi :>(".f t v.'a I'e ace operated at eacli 
r.ite. 

' -M pn ns t tins ba.. k fjrou nd , the economic adya n - 
bip''. ''t a di'dnbMt"d. h et ► - d j^tMio i j s netwfjrk become appac- 
"Tit til f r -ntp.n-i S' ai botii the di\'isinnal scheme and to a 

hi';hi>. r.tMi t ra 1 1 / ed frKility. InfJofMl, the differences between 
*pe ."^ '."n 1 1 ,1 1 1\ .1 u t <i rcf) ic (iivision.d scficmie and tfie cerUral- 
i/^'d 'o. .-.t»'ni ( ,,[! b" liitd.-M^s torjfi as principally differ-ences of 
d'-' ; r"" t h in dit t 'TfO' t". . >f I- ind . 
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. ' " I • ' . ' ' t M' M 1 1 1 1 1 ' > r,) ( 1 1 \ ( ' '■, ' J ; >i )I I • • r-, - 1 j t - fi n ( ] t h • 'i r u s i' r s m u I ■ 

• i ' ^ ■ : . ; . t I i , 1 1 .1 ; i I ■ . . 1 1 1 ■ ) ..■(.;•<". M 1 1 ' i" r lib >n, i[ M )| I s 1 1 (■ c.i m ■ 
■ : I ' f -fi \- t ■ ( I f - .in; M -t 1 1 , I , (• . I ■, t - Ml the ; ii; .|y sn. if , 
*!'■). . 1 i I ■ ■. I ' ' 1 1 1 . ; ; 1 1 , ■ ( ( r 1 ■ . ■ , I 1 I t ' : ■ r 1 1 ■ - 1 1 1 1 . > I • " ; t ; , 1 1 t ■ f f t ( . 1 1 « n < ; \' . 
(hitlwT- \Mtti I,-,;.... t t.« ,il 1-1 .1 i\ -Itiii.'iwv, tlio f.ot.-iitl.il 
I f ' ; I \ I M ' r I .) t . 1 1 "11 H 1 1 1 , t • > r \; >>■■ i .i i i / < • - i f • r \ 1 1 .<'s .) f».' ft' it 
;"M('i t!.-.! inb-r-i; I, A', -\(!,iiii Siiiilli . .! , .>'fv('( 1 two c.ontu- 
I'". '. f MM I 1 1 1 / it i. 'M i> liMiit-'c! [,y the oxt(?fit rif tlir^ 
i; - M I ''1 i MIS i<r '.tn IS f ).i r t 1 ; 1 1 1 ,i rl y (. r'ltic.il in (:'''tn;.>u lo r' 

.iii«,.> tl;.' l.M iy lit [>,i f t ic I J Lir types of owi- 

: , ' • ^ • ■ * ^, 1 1 i \ , 111 ; ) I 1 1 ., ( M I ( ■ i \ ! s ,» t ) I ! i ' AS in.i r( ; i n <"i I 

' . ' ■ , ' ; I , ■ I I : t ; I n . * 1 ! I > . • S , - 1 S ' ■ I ' \ I ( ( ' IT 1 . i \ M ' . t < 1 [ ) ; f M 1^ 

• ' !)'^ i'( . M. rri i; ,) 1 1 \ \i,il»l(' in tin"' . 1 1 1 1 <ir< . h i f: o n \' i I'fjri in"n t . but 

!• tNll'y J US- 1 1 ) M 1 \-,!i'-M ;nti 1 1 1 - di\.'ist'.>n usei" 

. 1 ' M !■. ■ .11 ■ [ ... , !i r-,'( t,M ! ,i St n. ■ I .i- ill t y , 

' I ■ ' - n ; n T t i.-'ii of 1 1 u ' i ) n i \ r 1 1 y < i i \ i s mn s , o\' en 

!' ■ -t '■■ .iitiiK. ( t'lilinl ( i;,i n <t ' j^Mucn t , fis)»'S [.'i-rniit r. r<.)ss- 
: . ' ' ■ ■ ' . ■ ■ M ' I ■ , . ; ' ^ t ' ' 1 M ' I ■ . - ; I ■ . ; . ' : • . ' I i i n ■ • i • r . i ; > : ■• s • ■ : ) i ■ i ,"i t < ■ 1 y , 
; . • ■ ■ ■ ; ' ■ i . 1 ' I , I ! I I , - ! : 1 d -III ' n ([■'■- r .'■< i \ \ , > )\ ( , < i n 1 
; • ' ; ) ,1 • i' ' M , 1 1 ;-'fs ii w ')i)l<l \ t -r; t (>( J Alsi">, wlifTf? sc.iU* 

F I , ■ I i n ■ ' . - ■ \ I , t ' - 1 n t ' I n ( r » M s ( ' in s I r u : t. t » m h n ■ > 1 1 m ; i r . , 1 1 c.' f f i ■■ 

' :"!(' s 1'^ i \).\;>, [ 'c )lf tlwMP^fi f I imi n .it n >:i ■ .f (.i u [ j I ic.n to 

. 1.),): ill.-'. . Ifi.'n. fi'x's tin- tu'twufk of .i u tonoiTiou s 

■.i];t;.i> n wti,>r ,i( I ^ , t f 1 1 . i f ; r' s <^\<'r tlic c:<M 1 1 f\"i 1 1 y directf^^d 



I fi" .m ,v. tT- t ■, th-it , III ,i t hi 'fji-t'^t ic.i i ly idoal v.'or'ld of 
;>"r-t''(t I n i . .rTiKi t h ii I ,is t. • 1 f m , !i o < /ior-^ y ,)nd usor p i"e ( o it fT ce s , 
th'T'^ i:. M. I <i { I \ ,( n t -If JO * *'io (.oinp'^t 1 1 1 ve supply nodos . In 
-I 111. 'fi' r- 1 1 r. coiit'^xl, ' '-'Wcvfi' , crutic^il irnpor-tance must 
\ >r ,1 * t .ii . I ! ' ■ ! t . t p n^s s (i I ON oi oconorn ic Darwinism n d t Ito 

f-'v, .i^'ds f s'ff''v,tivn (-;■ 'pro roHJ r I ri I tjohdvior, "file key 
f.H.t.'rs • !>'"' C' nsidort^':] Iom'p dirr-otiy pHrri I lei to those 

rill* in tii--.^ MS SfS 'WTi'Mi t ()f .nipM im 1 1 vr* (efficiency in 
iii.irl.'M t\[it' t'f:< jfii .inios ,ind r. tmi t r,i I ! \' phinrifMj scjcuilist ocono- 
ri;i"\ It MMf^ v.tMM^ ti'uh/ f-ofdid'-nt of what to rJo Mfid how to 
<i" it, '.ho iruirkot type MdpJStrTient p^'oces,^ is clenrdy 
ci I s po n s .1 I o . However', \n tiio roM I v;or 1 d , t fui apparently 
ciMjd.'' .inc! Mt times seeminyly wasteful yroping of the mnr-ket 
IS f r ."iU'Vit l\ a ruM:pssity in order to generate experimen- 
t.illv ttw 1 n 'I'tTiMt lo'i w'hich allows tech iioh>gies to be com- 
p.itM'd .ii.d thf proffM'fMirf^s of os)n s uiiio rs to l)e determined. 
Viewed ir^i this (.fsntf^vt, the roiTipettti ve en t rep reri eu ri a I 
f 1 J nr. 1 1. Ml s r.f tlip .1 u t onoiTi''.)U s supply nodes loom as compelling 
,id\. a ri t.t' ;es This ty;)e of s\y'steni rewards, and increases 
tlu^ rt'hitivf' I inp' M' t ,1 1 if;f^ f.f, a supply node whicii eitlier' pro* 
'iuf.rs MM otfipfwis(' M\.'aihibi'e sorvi(,o witli grOfiter teclinolog- 
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'' ' i'T .ii 'N- UN. .Tt^iiri t V , ui t li rr-;;M'f:t !). >t h 

• '■■ . 'd [,r,,, ,> •, .Mi.j t,M liinilM.jh^s ,1,1, t 
■• ■ . ^H" ■ . .1 , r Ik t ,itii, ,iM ; t },,> en ti-,>; )r,'f M'li 

i" ir-.i: I li*' f uiu t inn nf t h,. ,„,,,.[, ,>t 

■ f ■ V .Hi,iIm< |\ t h t I)-' [ ),,! V, I n 

■ ■ ■ < "Mt;..'liti\ ,> ,,,,,, ( ,1 

'!i tt ' \\\'^ Iitt,.,,t survive, 

* ' • ' ' ' f ■ ' • M 1 1< j 1 j; >; '! \ < 'r > 1 liii /o s t I f. i r - 

' '■ ■ ■ ^' ■. :< :■ I ■: 1 , f . .! Ml , . ,( r ,[,,; ,,■( ll t V (> ■ ' > ^ . ■• ' I ' | 

■'■ ■■ • " ■ IM^i fttl- ,tMM,,.. r,,.,T:;.,.t;t|Vf' 

''''I Ill JiifH;t rf'SfH.fisf t<> (i n t .-t ( r> r-<>( 1 

■ - I.-, the i>.-;t .pj.itMntf'f' .,j t^'c lui .(o< ^ t o I ,uid 

v.ithin v.li.it IS a i^nrticn.ilrlv cmnf.lfx 
rui'!.M, .S'liiMi/.tt i,>n [uor.pss, Wh i lo p f f ic i- n t 
" ;w[n:.i;.|p nriflfM" <\ r.(.n t [ I y rTi.iii.Hjcd 

' ■ 'ii -r.-c'.^n-nt -f Mu^ infMnn.-ition.il 

' ■ ' •■ 'fi-. ■ (Mi MX tiKil I iip f..'n t r,i|i/r'(] 

. ■ ; : - . fM , , 1 1 , ^ , w h, n (Iim 

''^ ' '-^ ■ ' "I "ti in tills lirjfu, <)i»p cnn jn,iko 

'i.irn.-rit', intr.Miiif t i-.f) mtr, riMMy f.jccts of 

f ' 'ill; ' u 1 1 ( I < } ( ' '11 1 f > \ . 



' * ^-''in (i,. ■ .. .lovrlop a < lof j ii 1 1 loi , of n-M 

^ ^ ' 't'Mi i::',>-.t|.i.,t.> / tl-K^ r.,,n>.(:pt niKjIU <ipplv tr. 
' f-'--dc .Mi.'.;. VvP li;.vf^ nlrecK.iv notod tli.it 

'■■■•■f'- ' ■ MipMl-f sv:,trMi! I tt fo,-,t riotwor-k. Wo will 

^ 'If '!;^Mi-sfr.r) r,t n r-t wo r" k 1 1 1 cj to tlioso sit;iations 

'•■ ^'^ ' ;■ ^ 'i'" ■'ir'i,->fwr (!ts:i^M-sir>n of furd^v.iro .Tnd decentr.ii- 

^ '^'^ tn..st rMriiiiiMn fnfrn of n^twor-k is found on inost 
1 Mii;\<M-Mtv sf^s wluM'f^ ,i r.fMitr-ril coinputincj systfMTi 

• f f-"iMi>ntlv f.urTifK,s.>ri of two or" nior'o CPUs ) supports an 
t-tMin-ar- input output de^vicos. Most typically these 
f'''"- ''f' ':!<[. pfintincj of n''^P*iic terminals operatuig at 
( h'ir-'ir;tors pnr second and car^d roadet'/prin ter 
■■;"T,,tni(; ., t 1 ()()() to 2(){)() charactors por secr.nd. 
d--.ito<. ,^r^^ uMj.iMy .itta(dKHJ via din!-(ip ov leased 
'"k-*ph' .fit- liM--.^, tuit wh^M-o sh.jrtru- rlistajicos (typically less 
^'^y^ ^'"^'^ f^'f^'t) pr-r-init, they may bn wired directly to thn 
■ *'-.insr;u i-u i Mfitrol iirnt or "front end" cornm u ni ca - 
f !■ - n s i ■ a I ? r, .1 UM- . 
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/I) fii 1 \V( )IM- 



.1; ,1, , I :•■ .Miii-M I !':■•. » ■ ft ' t > .f | mi ! i< ; t lif 

;• ; . it ,1 ' I. ■!! S . >llt 't t d" '111.) ( rill ,■[• .llM ! ! i.K I 
, < , t I . ; <T -ft , It l'> «llv, 1\ ■> M 1 r| TMS IIM j S ' * > h"W 

' • , , I- , . . I , t . •']■;'■. t ! '\ 111.1 f 1 \ .)( 1 1 :, 1 [■,) 1 1 \ »' 

1 (. ,•!,.[,, ii > . ; II -\'M' tlir 

, , r- . • . . t iw:- I . ! :i .1 •. ^1 . > !< •! i [ i ■ > t r. 1 1 . > t li-' 

. ! , fi ,1 i\ I f ; ! I M| HI t cr t-Ml' f.lt'". , 

, . , ^ I ; ' I ' ' I ' ; . t !■ M 1 ' ■\ I . I M( ff.l .(M j '.t'l I I M t \' . ft I . . 

; . Klilll t t-Ml • ■ MH tl -i HI' t ' rtM'.' )M.tM V ' I'M T .ll '.<> , 

. fllM'.t lM-.;in (it>\t>t.i|'in(). '.MinrV. luM-p (Ml 

- . [I -.MM . >. .inc IMlMIMl.ll (' \ ; )(' rl 1 SC Itl UMIlf) <!Mf) 

',ri.; tti- i . r n ; . 1 1 1 f r' , jMt ti( iiLirl/ .is it inijMi.ts 1 
; ,; I J • I ;•• r t 1 1 I '.1 1. 1 1 ■ • ! ■'.u t in- 'f.- uii; >< >\- 

. M . m '«'. -m;. I !■. ; .m, . ..|^ th" imm-! t-. --I";' si ill - 

, ; n t) t t > I ill >\ r : it'S ' trx 1 ! )>i CP i m (.Irr-s t ik ) in (j the 

: ; nt tlifir- d.it.i 1^.- IIh^ cip-H. ity to drvfloj) ad hoc 

,. .,::.TM.}tf ^'iiti'iit fcriMs .Hid rnor-G rfticuMit in;>ut 

.., 1 1 ( 1 1 . ; ' . ' ' 1 1 1 n ; siMiu't I) I IK ; ,i p f > rO'ic h i ng sou rxG poi nt 
;,,t.) - .i;':.'f !fi '.(v. ft, thi^ Innn <>f n nt wo r- k i ik; oncour*- 
. ,,,,t r,- ;ij t r -^s , thf -J f \ ^ i * »; "i^'' " ^ '-'^ :.o lie coiii;">utmg 

, . • 1 1 I : I [ I M ■ " ,1^ :iMi " I ' f'l n \ (' Hint. 

V.hil.' Uh' MMi>,M.t 'Ml tnn ir.'M- onit niav s*'<Mn stfikinfj, 
!,,. t ,111,1 1.> ( h nt. ;p in t Im < ir \ I' 'p""''i ^ '^^ s' .1 tw.u'n is ni'jrr- 
, ri .OIK i , .ill.Mit fi;.wf sul'tl*^ ,ni(i sl<AvfM' in unfolding. 
II,,, t\pr...d t>.itf.h st'Mii in -i fi'^n nctworkf^d n v i r-on men t 
...itiHtMi tdi.' df^\'f>l )f)inon t 'jt .If >plK,<ition ar-c.i s[jpcialists in 
; 1-,,. in t' .rrii-it h Mi systems dr \ elopmont ()(niip . I ntcMMcti ve, 
...tv,-rlfMi rii VI f'MitTifMUs Ihivp chcuv.)fd tlu^ focus from the 
,,p,,n t,, t()e' .jpnerio processes f:oinrnon to nli appiicn- 
p the infor-ni.iti'Mi :-.VStPtns d e v e l(-jf.)tne n t (jroup finds 

ti^p its ff's.Miff.es Mt-e fTiMi-e pcoficdLdv expended or. tlie 
.'i.>pri;ent nf (p>fi(M-.tl ciiJfT'V systeiTis, d.ita base inteefaces, 
h-)L- ro\'- r\ v.TitfM's, and th'- hke. I ti fact, we frequently 
■,"f the .jppi" ''tr.Mi <ireH specialist rTiovirig to tiie administra- 
te,,^ unit and becnnung tlie nucleus of its computer exper- 
. .\<;^ ( [^p foou s :-.}n f ts T '-om sch erin led , f i xed , batch 

r TiM() tu intfr-artivf, nd hoc query the need for soft- 
Mjpp'M-t 111 these .! -'^as [jtcoitigs extremely pronounced. 
P i<, ,,r,t uncomiTi'jn to see multiple data ba-e management 
s\stenis and sev-ral query report writer systems imple- 
rnent'-d on tlie locai network. The level of computing self 
... ,j}ti i.-Mcv admirnstrative units on some campuses is the 
. .iTT),^ r. 11 the ,H:a(i(>mic u rn t s . 

I he extramural network was pioneered by the multi- 
r.iniotis university systems. It seems strange that most 
MK-h Metv%rH-ks were built tr. stifle or inhibit competition 
either' tlian to (diarniel it f'.n- 'die common good. In view of 
, ,(j r <i en era I f e(^lings alu.ut a \ igorous , coinpetiti ve economy 
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1 ' ' r ) I ' ( 1 1 f ' 1)1 11)1 'I i< I' •! M 



' ''i ' I " . * • . I ' t ]■ ' >\ I •! I J ! M M f , !■, .,11(1 , t t • ; I >!,) 

' . • i ■ 1-1 ' 'li^. .it , . . . I , Ir ■! ,,t (lie ! n.|;.>{ It , J 

" ■ ' ■ , : I . • I . • . 1 1 ; ' , 1 • 1 - 1 1 . I i I j M I t 1 [ , , I I . , ( I , , ( , , f 1 1 , , , I 

: II' i M (■■.■MM-, ! ,1)1 .mM ( ,n <•(■ 111,. , . I ■ 

• I- I ... t [V f r . ,1) r ,,|t. M ,,t l-fi in t 111 . , , • 1^ i.| 

'■'■■■•'I i'<.:'li. .iim! h"ii'«l.ituM Mii.jHM ( ,,t i. ■ . ,<1. ,» 

* I V-'' lilM ))l t . .■[) t U rr t flP ll^^ ; w ,1 ;),>;.|., t Im( I t i : -t I | 

' ' ' ,1 h-( ,, 1 1. I -I , ■ Mii; n j t 1 IK j to t liP .1' !nii 1 1 1 , ( r ,1 (I vt' i - t ■, I, .it 
' ■ h.H;-. Mtv th.it ■.tt('r\ tlw -jr.Mtrst t ImII(mm;<' 

,1. t ut , If, Ml- 

S i;l\ V t I ,,niM I ,1 1 Mctwwil. ^ \v('r-<> i it ' i < | r hm ] t-- r-ctjiK,. 

■ I " ' ; .'\fM>ri;iltljr»--, in I rsp. ,fis<-^ t(J ■■(M-<)S(.ir!-. l-iW." 

I ' i-'.'i'-t .it!\ t-Mtiir.M! hcjii sihmmI, r-cnmlt' i n ) u t '( )i 1 1 1 > u t 

I ■ ' ! M .1 1 1 1 h ( .un; ur.. i.Minni 1 1 n i(.,i 1 1 rH) with t lif^ (.<Mi - 
' ' 1 1 t .TM !■ .f .,t p i , .[1 the "in.n n ' (:.i(iif ) i j s . I <m v i n< j -is n !p 

'h'' , ' ' • ''I'i ''t MJch <iJr -irtMfMjfriuMil <jn jciiiic 

' ■ *' J I I f ' , . fit'- i Mi; Mil MM ,)( iini n I '; t iMl I vf < i.» t .! f i fncf-, s 1 1 k j 

. ■ . ' ' t ii" o "Mrh, lort t \]r iiit'T.-.t 

' .iMMi.,!! ■,-tl\'.,,n' tot . i < 1 ii i m i s t r. 1 1 1 V < ' d.tt.i ;m-<. 
I : I' ; I h-' .1 !' ; MtH'W 1 1 ( ■ >ii 1 1 II u<' to im< )p < 'v^m ) u s t h< .\v 
'■'■■'^I'l li re ;! t r,i 1 I' )n i\ f>M ( - 1 [ n f > 1 1 . • ' , ^t th(^ s.Hiif i J M i v ♦ ' f-s 1 1 \ 

■ .l"f;. . \]^\\ I ' iMifii. 'n " t hf^y i.fi - - n h ! 

' j I) M ; M-.M t IV If L.iinc t Ik' work of tln> N.d lun-ii 

' ''iitpM- t'^i M:.jfirf [(iij^.i thill MHn.Hjcfiu'nt SystfMiis (NCfUMS) 
'II ■ i"^ .'I. > • ! K ; lit-, If ( ]• -r M 1 1 1 n >ns .tnd fr-itf^gof-y ci-.x ] i n rj fr,r 
'Till; I .t I-,, M ^ .Mh\itn". Ill hiMhf'f tM lijcit KMi , Also un the 
f I ^ " M < 1" , 1 111 t n;r >f'n ,i s ,1 r-fM(, t h »n to nu) n d/i t f 'd s fi,t fi f k.^ , 
' III"' ' ^f . Tii/od to f.K.ilit.itp thf- sh.iriiKj of ,Kjrtiinis- 

tr.ili\.' ■, .M/..ir'p .iffd softW'irn dn v f 'lo; xiip n t \ r.Jfvi euros . 

i h I . ',1 f! V t ■ > Mil r,t o \ t tMnn J i-,i I net wrir k \v*is t fnci uen 1 1 y 
'^'^ ' f'-. - nl '^t th" ','>si rpf frnliiir;, (\oM)[JutfM li H r <;i w .'1 0 cost-;, 
lit- Id dwv.ii .it tie' e\ per ISP f>f tofdi nrjr.f jio.il <jf(Avth <i n ci 
I n r 1. ,1 ! I. ,0 , M.'nd,it(>( ! , iiioi lop^h t le softw-ire syntfiris wivf^ 
iii-t'iM.-d witli'Mit .irif>r^u,)to> system desirjn rUid h.ivc !)f^en 
; >" rp.->t ■ ] 1 1 l)y \' r^'»trdi i n until there is riioro t hnt is 

di t [ nr-eri t t h.iei is t hn Stiino [)otwf'rM'i canipu sns . BtUcii 
:.vstefrs !;ij!lt .U'r>und scluMluled rf^por^tinrj liave continuorj to 
'n .5 1 1 led l.jfe; ,dtee the .)( K' a f 1 1 -e |f ' of intoerictivo systems 
Im'( -htw .f ; •; >.t r(>n t ( ,f'r.[t ,\\\ /rd cJnvrloprnpnt qr-oijps hri\'e 
P*'r ;w>to,d»'o' tlu' "lot us do it tof you" ,ittitt;de of tlio IGoOs 
h^uino rii.iny ririnii n ; s t r.U i vn units feohnr; it was dofie "to" 
t h em r,! t hfe- t h .ui ' f f> f' t h oni , 
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■ ; 1 f 1 1 ; s»-r ; 1 ' ) r I :^ r ri 

■ ■ ■ j - )' 1 ! I': J i I r 1 1 f fi riCP 

f '.r,iTi ;-. r- " li t^; i ve 
I) r i^.f-\ pr'Ci,^} ^ I 'U'] in 

: r : I ; • J i ,1 f no'-'d s , 
■ n^j iii'jfi in tiie 



'■■ . ' ])< A(J\ ,U'Cf'd 
' .1 [ 1 ri s oi: t as 

f ■ ■ t h ' . ' ■ : I I ■ ■ li' 'ji 
i [1 , : ' I : 'v ' J I r f r.) r-c.C(J 
1' ' ■ ■ ip r-ior-i t V , 
[ ■; : i ; ; f " ; iiiri r. 1 1 1 r ) t lio 
■ id^T: . ' If .,i t ion nd 
' .■'">;'■. 1 h f'se ea r"! y 
' * ' >-r . J. r-t s w 1 1 r: 1 1 i n cj , 

, :i I M > ■ f r''.;i: \^.\ \ i n fj to 



■ .IS lis f(}/ i^on (J'ct r(? 
J [.niTiputing riiaclnnes . 
iior-p tend to dovolop 
ri re H r-c 1 1 1 toct u ros JTiny 
ni;iy (.in\''.»lop p.'irticu^ 
''^s . [ X piM'ir'Mcc With 
Ml f> rn I i y I irni t nd , (? . cj . , 
■ Hj t 4n 1 n t . t u t ion s of 
rnnn t t'')wn r" d f^e hp ca I 
I ng ^a n p rv/bci b ly be 
j-i ro(~di I a 1 1 Sf]! t It n f ea /■ 
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II'. .1 t I I ' : 1 ■ ! « 



tin-, f'.iin •»! !i<>t 



^'l< ;):ii.Mit ,\v\(\ Its 
.■<J ;i„ ^,M•v s;..o- 

; >f ' ft : . I 1 1 V of code 
.t - .t:i.-f tiip tr.ins • 
■\ : .l.jr s^(.tiuf) will 
(. ill; J ij 1 1 r K j ,-if'U% '>r k 



If ■ --r VMfilv til.- r!..v.'l'>r>'nr.nt of 

* ■ ■ r 1 1 ; . ,1 [ r 1 ,1 1 . . >ri nol , s li jcifn t 

I . : " ■ . : >)" . IV 'U,.-- r \\\(-\ \\ i i i 

d- . !i ; -t fn ' ti'. V V, 1 1 1 hp I J sfvj , 

■ ■ ' liiii' ■! ^ ^ i. III t i',*' :-.'jri t-'-' X t o{' lu''tp - 

■ 'If 1 •■■ ; t : ■( I ' t , .ii-r i { I y A fk; 

' " ' n:. • '■!'-■ < >\ir ,i t iini : 1 1 s t [m 1 1 \'P 

t'- 'I <- !pm.,o ' ; ■ ,jt«M- r.n til.-' focal 



\ ! i; >.h: t of the Mic ro -n 

'!-,-'rit 'A t'l.. c.M. hi^;fi o..|.>.ti.ihtv micro ,ind 

• o t li'j' jf'st ' tt.r'M- o"! I f ; j'ju iM t I'.Mi s for^ tfio computing 
"■^i'"-^ f'r' .c:-<:^Mno crip/icity aiuj in/.y [)ot[i be disLn- 

•'■'''■d d;r.ij.;ti ,, fi'.w-'.r-l- t' ■ thf^ i'.c'ition wher-o most effi- 
I.-. " I In (,'dfM- t(i t. H.I 1 1 tale dnla i n t e fc It d fuio 
' ■ ' o.;f> ''i" ' . fi- t}it'r-'> nil. ; lit h^^ sumo CPritfal sw'lciTing 
'i 'dt' • fiii'ifd ffritijff- sorno for^iri of message 

?''■'<-'■*•'■ ' "ordi ;Hidp. It d'lr's not seoin likr-!y that the 

!i:'oi /.ill ,o;>:.|.((ir tht' Sir; nhr:hinp, but tvitfTor^ complement it 
!n .''.'ii" ni't'A.,rl ' ■ n \, i : ' . ( i n t , 7 h i j sclierne seems to be the 
h'M .''t I 't ; fv'd . ':.\'Ar\\\\ \ et work A rc h i tr^ctu r'e rUid is the 
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' 1 I ! . 1 1 ! , : , . ' ■ ; • . : f . 1 1 I ' W 'ins rt: .U' [• (;■•.] I (1 •> f .-.Mlft. I~l 

; • • ' • ■ ' ■ ' > ' i • ' ! . : ■ j i t ... u s f 1 1 1 fi I ■ i r i ( j 

;• ■ r i ■ -.ivr'r r,..r., : ■ i ! 1 Ci.ir-I the titlll. 

' ' :m I .1 ■ .i j * •■ i , . , i . t ;!,<;. i . - ; 1 1 ( !i i ; • f • ■ nn 1 ' >r li Ik Ic r 

• : ,1 ; : .n , . , :,.tf I- i ,| - ;mm ) v. 1 1 !i t >ij .r- . r l"[>f 

' :.'-i;i:.'r. : :•; ,)!.(! f ..i r i t r - .;n i.JOMd t^. ^:^n,()()(J. 

■ 'I-' (Mm;.. I (.[(•■. : ■' M 1 1(. .1 1 1 \' ,j M 'i'_;if.' ij';pf s">sU'in vvlnrh 

• . ' > . ' 1 1 I ; r I • ■!ii!ii,,t, ii-.f-r I n ifT'^'fr,' t i<.pn f<w' S'jiiie of [in.' nior^e 

r ; 1 1 t' ti'.Ms iiT th*' )("» [-.i 1 1 1 1 f; system (jd l.ir^e 

1 . • ■ r ,i ii. 1 ! . i n ■ ; : j , i ' ; u i r 1 1 1 - p it- t f- f \ ;i ff' 

. 1 ' I > ' r ; ■ f :ni ■ ! ■ i .' ■ ; I \ irii > f \ . I ll i \"' rini t 

-i-'.trl\ (!l . '.iic lr,K t'^ l^-)bK Irytf^:, * tlu' rn-iin irvfiifwy \(> 
■ ; ' i i'V <if I ; ) 1 IC ,t 1 1< .n f >!-u^; r.iM's , I Iip spoods 

•'^■■r- 'i. y.t\,\\ \Mtli in.-r!i iifn si/^'(J Cf'L's of tlie I C M 
! ■ . ■ . '/ ■ ,t ..I ttip niicr.is us(.^ somo i>.'\'n] of BASIC 
! ' : 1 ■■ •■If (>.r,.' p i' J iM fnini I ) 's\'Stein v, [iich places tiie 
'■ 1 ■i-i I ' I ; • : t ■ I . I ' 1 1 >. p ■ ; r J [iiMi ! [ t r; f'l I \ I ri^'funo n t , Current 
r ■■.'■!.' •! . ' I ■ : . ' .i 1 1 • 'III I '-'/..irf t ;f'\'('lo;.>in(' n t is dccot o ra ted 
! . • ' . • • ,• Ml ;.. 1 ' )'■ j iwr'i'f' '. ' >f ; 'v I ' r 1 1 ii '[ 1 ,j 1 S.itr.h pro- 

. ■ i : ; ; ■ ; . : ; ' ■ . ■ 1 1 1 - : ■ i . 1 1 ; ■ j ' j ' ■ . I he price of rii u rc;s 

■ !c Pm tcri t ' ;"Mti;io^' t'< pluMinif'l (jownvvcird winio 

!' '^it • .r,i,\-.i{\ .iM'j )p h r, t I c 'i t M ii ) ( i-fitinup t'; ex p rind. 

:n i n 1 ui 1 p i , t ; ■ r t s t \'p i c..i 1 1 y tna r k f^tod as n ii iu it i user 
.o-' i>:-c.si in Ifif ;.:V),()f'(J t.; S ] ;j( ),()(]( ) r.-jnge. TypiCrd 
i .M c ; I J 'M t !■ fi', '-, ijppc, ft from 1 to 32 tisc"-s in most standard 
p '■■><;' .tf ■'■"I n< ; ! , i r ■ ; i m < )f ' ^ ( p <i r 1 1 r. u I n r 1 'X_)BOL and 

i M< I f<A\ 1 M'>';t 'o, ■.ttTiis fc'.iturf^ sonu^ for^ni r>f sup^or^visor 
v,hii!i irTipliTD'-nts t.isk switchifn; and inlerrM.jpt procossing 
oilf^ holdiri'; svsttMTi c>ver'horK.i t^:' a nnnirnum. Cycle times 
■T' fUrHiy ri)inis >rii pa r-f f v'j rnlj I y with rnaciiines in tlie IBM 
I 1 i. class. '-arly all n^ajoc fTUinufactu r*ers of niinicom- 
pot'-^rs >:>itnr sr.nio f'-rm of datri Ijasn ma ri .i< jonior-| t systnrn atid 
''-<'' pd[.)i i I ty to attach /i Lircjr* riijni!i-*r- per^formance 
rch'^'UfO'' tyf^t'' disl- ■ Most s\ sterns ai"{^ cJostcjnod as 
'P h I \ 1 1 c,t t c(i tifiif^ sli<ic r)^j m.K.hmos with a background 
I).) tc.h oor^ t rol U'd by 1 lu' s u ^hm' v srj r' . At the h i o It end of t ii e 
fill n icompu te spectrum it is bns i ca 1 1 y only t h , ^ design f ea - 
tur'..' tfvit separates tliem fr^^jni other ma i n f ramos . 



Software Shar'ing 

P r h a p s t h c'^ \'.)o s t i m f.) o r t a n t impact of net wo r k s on 
a liTi! n f t r.i 1 1 ve d.il.i r'rjcr-s s i r^g hris been the realization thdt 
S'-ttv. .ire I lev e ki; >rii»Mi I is the all in^pc.jrtant o' ; <'nen s ion . For 
■ \\>\ . I ■ j r 1 1 f i{,<t n t lovel of S'^ftwar^e shar'ing to t<ike place, it is 




<i s I'' i J o nee 



• til Hi r 1 1 1 1 if J 

"I ' t'-ri<i t'l s^-f (lit 

'■-ini'-f;.- -T iiist.ituti'>ns . i r,-' 

1^1 '1';^ : ii;>'->n ,1 h.isic :UU(J--.'it 

^| ; ■ ■■ ; ■ ^ l^ ^t I II ! w'l. .r-,'- us. 

■ ; ' ' 'rr; s h ,i , • ' i i ! > " c i : m- ! 
' 1 '. ■ • • 1 1 s< ' 1 s t ' r* j . ,i s j (.<"i 1 1 ,, ' " j 1 1 'M 1 (.(' . 
•"i;s n 1 )M t r.i n s ^jortabU' . \vh ."i t 
■iti'-ri'' the S'">pdr.Uion of input, 

nt MM.f rr-p(j!-t iiu-j tr. ;)r''.i\ I'ie tlie 
i'.*. -1 ; !,i 1,' 1 1.) sp S'jt t V. r< re i ririepcr} - 
ii; ■utifKj < 'i \ ('-rsity to exist 
'Ilv..jre. 

' .',.'.<■>■ -. r-| fM ; r-, j,; , . ; tfie 
< ' f [lit • ni 1 1 : ' I f ' III' '( ] I f I c a 
!mi I f 1 > > t r.it 1^ ,n f [\\ ;\ rc 
J ' ; ^ t ri;. V, 1 1 (i \^,^ r-;iwa re , 
t ■ <■ le'tv. -r-lihrj to r-jfco the fievel- 
'11'- f. ' ■ni ; >' 'I I ffi t .-i s .1 crinipt'-'Mien t , if 
t ■ ■ t - 1 ! •> s t * ' ri ) s s i 1 1 1 1 c.) r i . 1 1 - ; > f ij H y , 
>•'[•,! t r a; of ,i< itiii n 1 t IM t e/e sof t V, r'l in 

lb f.i r-v 1 j 1 It to fpf Ipi.t t I S fTire/e 

' (■'■.! ' li ( !^^\ ♦•if.*; ) I r H ] n re,'i son n b I y 
ff *' ■' e-f : ^ :> V " : (Mil f r r" <-"i ni,'ijo r u n i - 
•■•i'- '.f th.vjs.inds of rjolhu'S. The 
H V s * e f n t s 1 1 , u ' d I y ov(^n more than 
t f , I nr; tr. hnip a lorej wit fi an obso- 
'>ie~<.^ tfem re rir-SKjr), Given tfier.e 
> . (Mu s I y te'f:f>ss.i r-y t. ^ :;epa rM t e the 
Mtiir*"' f suf.li -i s>:,tefii f rv)fn its 
''ns v;hi(.li li.iftilv, if ever', change. 

f th*^ technological obsolescence 
" 1 )r- faced is the p fog fami ng Ian - 
)-,t in.ipjrity of atjin i ni s t iMt < ve soft 
a hinqurige fJeveloped in the 
■fn;:)iiting tet; h nr.lc^rj y . The lari- 
; h i - ■■ .^ces s 1 ng , difficult to lea I'n a nd 
it 1 ri e X e ci.j t i o ri . The p r'u s p ec t of 
ive, rnor'e powerful Lmguage is suf- 
"jf.t II idling rn.Kiagers into a state of 



• • ■ ■ ' ; ' f ■ .111 ■ i ■ ; 



. .t'MIl 
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HA|.' irjc. 



ill ■ 1 1 ' .t .1 ( 'in I r I r-. t rn 1 1 \ s v s t oiiis will 
1 ' . ■ ; I ' ■ i I I ' : . -t i I 1 1 ^ [i l<i ( I ' } II <i( ; OS Ofi 



rtu' Mm: Oinf-> u t r n hi i\ r t o r' f 

i ))..■ iMst •»r-\r.- :! \c<r:-.. hr-fjinjht e x f.i Iris i v p fjr-L>v;th 
1(1 T'l'' use ol ' ■ ■ I ; 1 'fi i; . !j If' r in tKifiii n i s t r^i 1 1 \' c sysu.Miis. 
!f! ■j"ii.M tl. llw I M t - ■ If, t III rn I M K.I 'iTi; M 1 1 r ' cs has boon fostered 
■ ' ' ' \ . • ; • 'I ! 1- ■ : I : < Wi-- l.i ,tl ii'-tv. ''fk. ( J i.i v 1 1 > i j s r. .nnJi- 
.S* [ :i \\[ r '\, ! M M ,| s !■ .f.'v [)'nv'M- rilant tiiiri 

; r:[it sh'jp. In these ( > n \ i r< > : i iiu* n t s th'-rc hav? been signifi- 
. ,iiit fifi.iMviil .ui ^ .-j n t <i; ;es ti.if source I'oint datti capture or' 
.1 .it. (imI II ' ' n t ; . .1 s yst.'ins . 

['...Ui libiMi'v and bo'")kstor'e Iw^ve cost effective 

-it !■ . I'-r \.v.ind r^-'idiriv] used t ii check out and inveu- 
I'.rv f.'M'' in j'-irli c.ise tht.M-f exists tiie need to cornmu- 

;ii;,it.. ►hi' [.t'ntr.ii f ■ -! i; ; - u t i n (j fricility to n(tr.M-frK:e with 

til.' ; J I M . ' • r M t > : M J r'l. h ,t M 1 1 ( J s y t » 'in <.) r <; riuis te r delta b^i so . 
hi rh'*M' e[i,.f(j^' (-,r jd s 1. 1' )U s d.iys the <idvcinta<jes of sensor 
:.,ised r'-riti-.)! rt n d tn a n a ' J enuMi t of tlie lie.itifKj and air" condi- 
* ..miej systems has hir'fje rnonet-u-y pcJ\ofts. Linking tlie 
m .titutir.n.il t^'xt editing systems witli the pf-intnig plant 
.-tiers i>t>\iMijs eC("jnoni;es in re -draft my dfid r-e- proofing 
piiblrdi'"d t-xt. 

In n-Mrly <ill fiases, a coiTuau n i ca t ic s hnk with tlie 
( ^mUimI [.ir.ihtv IS neces"..u-y in order to update a master file 
in k>.il(,h m-iiie. to p.ovide an archive or back up for local 
files .ind f r^ i;ij(Mit'y to facilitate loading the files of the 
rTimicompiiter A corTiirv^n operational mode is to 'down load 
the files or joortions of the files f rom tlie campus facility to 
t he mm i c.'mp Li to r . At night, tii e mi n icotr.puter spoc Is its 
t f.in sat t ti.n s I., tfie campus facility where tlio master data 
b.ise IS iir>d.itf^d to reflect tlie day's t ra n sactioiis . This 
pifjcess 1^ .epeatj-'d on a daily basis. The minicomputer is 
Lj sed in some til i ng app r'oach i ng a real time control en vi ron - 
mc' n t S c [i ed u I ed applications p rog fani> ire ruf. against the 
f7-i.tst»'r ri.ata b.ase on tiie campus facilit/ 

In these en\ i r'orMnents tfie minicomputer is usually con- 
t roi led by an operating system , supp' rti ng eight to 32 ter- 
mm. Is, printers, wand readers, etc. File data base 
numafjinent s\stem on the mi n i comp lj te r is likely to be 
differ' fr' that used for tile master data base on the 
{ aiTipus ta(,ii, , . I h^ ininiC' 'puter' is not used to solve the 
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U1 ,.-.!lt!-'J 
tlu-' [TUMI 



. ■ 'Hi; 'I jt ,.| f, ! li |., t y I ,,. , 
f ( .HI .■■..;...;.(..(■< ti. Ill 

' .'(is . Ills .-Msy t<. 
.':inini:,lr\iti\'(' ..it ic.p ii.ir; '.n\\<; tiu' 
" M'' 1 ..fnintiriK.Htiti-; with t tu* 

t -,,!■<. .!<■■,...! ; Mll-Ilt IS 

II' t 111.- 1 f. ihrih-h t hcfp l.in 

- su!>M'f.'- to trf><]UfMi* h.irirje. \\n 
>\ r- tMu.i rd t rJ('\'p|' ':i,Ti t of ma I 
st.iffs of tf(0 M<imiriistrMti\'e 
t nii n 11 '.[TifJijtor- i lit y will No 

!''f''^l> thr- (,.--n t f.il t.Mii;,'Jus friLil- 



i Kf.'lf of th*'' Mu, f-0( nriif > u t/'f 



.'vMt. I, 



■■t tlw 
• ■ I rn i n <t i 



■ t inip.K. t ( Ti ,)f iiDiin s ; ; . • . | .. 

■■" t . It |p will c.onip f f. u; : I ■ [m' ..I i ffM" ■ 
■'t' > inu.i - ■ iiitc) thr' li^cil ,wi'! tr.tiniiiMl 
ni<it tlui rnrijofity of tf^rrTiiriHls boin;^ 
'1 ■ II t ■ >(:'!inf>ut"r i)asn. rho stof) f i-orn 
'"If '■ ■ lit . ■ IS siriipk' ■■■nourjh t'M.hr, ' I - 
i '•'> ■ * iriofs IS V, lien will iUr - 

: I ' '"■f- "stiMr-t" tet^minnl to the 
' ' ■■ 'J'^-lJincj -orn the p enoiTUjn a i 
■ ! ♦ Af-'plo, the tifTic is now. 

I "'^ - of sopj h 1 s 1 1 Cf'U iDti !){-] 

; t'xcf'f^Hs thit . :o rnntly ffM ] ij irT^(J of 



" ' 'it' ■'■'^ . Vvhrt fior t ht.. ll' -.-;hold lo rr-ntJi 
'■' ■ ■ •'»" fiK:li IS f.ui-rrntiv i'^Miiy vr^c'-ou ^ly cifibn U'd . 
" f' In dt'i i n nrj p r-,j t lorr. ! he inic ..^i bo "down 

■ \ 'V n c< jRirTiu t . ion s c .n t nef and s up port oc\ w ; 1 1-, 
■ : 'O I i.^. - ro..' ■ J rn,nt in/iol^ino dinlogun. In ''.mso 
^ ' ■ f : 'f row drf i n i tiOf i ; '. pos iblo the iiii i s 

' • • • ■ ■-'{ f "f. 1 1 ■■. p if only fri(vi I J pfHl in t enns (>: llio 
^ t ?■"[.: t lu' I ,i rr)n con t rsi I ; <ir.! 1 1 ty . It has tho 
. '^fit.i'jr' of not putting the ,vh,^u^ systeni out of 
|'>N \', [i'-r. it t,nh, . 
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,1 ;nin',.ir!t 'H-t. 
, v.iir-r, til'' 



. if t nil- (• 



•1., I't 



•, . ■ f i , • . I I - M t \ , , , , , I 



■r tl 



,\ r'f .i t'" nii[i.il 
•rfMriit[n>) [nun 
( |.>s ii ; nf'fJ - f 1 If"* 

t [u' mil rn , I [1 
,..i[)iliti'". ^^f ci 

he iJsfT ll.iS 

, i.. V, r i t.iN"n It I', ,1 ', iiiif >U' 111,(1 tf'r f ■ ■ <i< i'i niiJ I - 
■■. : s[)f'f.Ml iiifxil f'ruis I i^'Sl of 

Mj.hic .ic'i ! j!)"'" "^'i vin^] clevicns . Wo e\|. t to see 

f IMS'"! V. ' ' f 1^ S 1 ,1 t If )ri S r.i "MTlITlijIl f!) I dCe I - f > TOi -1* j ^ 

,-.n,ji[it«.'f, , '-'-tti-tif I,, I)'-., .ir(iiil«M:ls. '^ti:. rt,c 
, , '■;t.--- I ' ^ ' ' ' ' ' 1 1T 1 1 1 1 , ■ ( s .iIm! i i , i r ( ! \% , i f- 1 • (if^SKj'iers 

-:.•!•! MIMf I- ■! Il,> ; tll'' MSlc.lJlt'llJ', IHK.rr. TMltorS 

MPtv.'.^rk: .iS ;M-<Mjr.!fiifTi.il.)In or IM\ ;^i<''n.illy 
,. - . ; i| I,- Jit h 'M - ori*'n If? (J to rini I I f lo\ ice . 



; >ii T-[ >"'^'' niic ro is t h p he.i r't of wofd pr^ ■ 
.,, j jt;,rnt-Mit now Hnn(;j,[,g the nicwket. M^ny usef:; 
, _ I j , inur.li t'-' tfioi J- r fi n , t hril their appetite 

. . , , n i'\\\i\< i <|i]it'kiv fMu:ornr-''^ssf's the r»ee(] to .'access 
;; ;j,.r fill-. ' ity ii'^t ,u,iil,i;)U^ fjii tlie sl-.in- 

■r; pr-ar ■..ifi'i 'V'ttMiis iimVv wii the in.irkel. It is 

[, ■ rn.i i- f 't tor- .k ' ; 1 1 1 r i m < ] -i n >y inicr'O b.'iscd 
[,f. fw;ijtpinf'nt \*.hn;,[i ,s lu-t user p r(j(} fciiTirnab I e riiid 

sijpp'ir-t ,\ ( "rnrtiunirations ' [UfM-f,ir.o . 



IS., 




"^HE FUTURE 



•■ only tool you havo is h Murner, 
J to st.'O ever-y pr-obleni i^aiL" 
^'^^f^'Jhdiit Mai, low 



A d rn t n I r, 1 r \U 1 V [ . r 1 1 r o f > y 

■M " lit til'-' t'lro nf th(^ (.TMitury v'Ttx -iovor b". ri 9 1 : .-, h 
'I'i'^ t.lfr} M,iy\', sijfjfjf'MrMJ a \v,)\ '^'oat the Sec- 
■'i'' ' 'iv. Mt I [i.'f)^!<K!\, D -KTiius . ' j he Sor.oti : ^-.'Uv h.^g to do 
v-ith tMiM-t.pv tlu' riKvi:, N f*-^ r-t' the u nnvai i^'^bi Mty Qf useful 
''''■>'r[]\ in a '-,\'stprn .ind its inrr-nase with time when the 
-.t-rri h- M t- t"f)d for itsr'If. M.iywcH 5-><nd, ,p rffoct 

'I S'T^v ''I.^thI P'^MfWi t\isn ) : hn.Kjine ^ rj(.nif,,n^ 
■■'ii.ili ;t v'Tv intf*Mi(;ent (; fOc* t u re wfio CrTD see niolef.ulos . 
'■^'■v, '. I'pnf^ tt^*^ Defni.t'^ t'ls thn custodian of ^i 9^te between 
t V, o con ta ! rn.M*s of g a s a t r-r^ I I rMif r\'U u re and p fcs s u re . 
f^'V cafp^'ul opening and dcsinrj of tlie gate tiic DGrrton allows 
* ho fas tor itioIomjU-s tr. inr'\'e to one cont'iiner\ the slower 
i'"lfM, ijh". tlio .tfuT. ()\(^r tiiiu^, rine container* r^.Ls fiot- 
"f .itid Mu> '/diPr f.o-Jnr, thn^-, increMSing the available 
''p'r-(;\ in tfio sy^t-'Tii as ni- m . 1 j r^.^d hy tlie temperature 



" ' Ml jc} I ' . 'Ins (diap tf 'r appOcU'ed in R . C . j-j^^tc ric k , 
■ Af.irTii rns t rMti v.- oi.ipr»ort Ser^nces /' CAUSE / tV^ f E C T , Novern- 
jr'r 1981 . 00. 28-3:^- ' ■ " 



\::\) Ml( Ml 1 ' i^.f 



ri'-v. r\\>'\-[;\ t-.i the 
and \s e iiavc c i r ■ 



, ; , (,. ■ . ■» . t ti.it !•(•[ -mI til" Sf( I -iW 

; I , r:ri, : ! i r 1 1 1 1 . 1 1 f !i . [ i. r \\ (.,\u ut 1 1 i / <• I-m. Ii - 

•, 1 -Mir 'i'Mii.ir, ,,,|.) in-Ji-.' r1 t <M,t I \ «'l y t.ii) tlu* Litt-nt 

in .iiir ; n s t 1 1 u 1 1. 'ti.ii s^slfin. It scfuns \\\.\[ 
. .iti.'s ift^ fi!'" ''T' tlu' lolr-ocjLJction of a rjeinon of tlu^f 
.■. iMt.p tii-'if ini f M' ;<Miit'f 1 1 fjiiiloso;.)ln '"if"-' strLJctuf-c. It is 
• 1 1.- 1 r 1 1 .-1 1 1 ■ 't till- f't.t M Ml to s ij( j' }('s t \\ h(jt foiT7i such a 
t,t ■ f m ! h.^v. it V. ■ > i J I < i iin;.,f(.t ,i( !m n i r:. t fa t ;of i in 

•• : ;M.r- ■> !■]■. .it - 'ft I n r 1 1 1 J t I' tr, 

f lu".'- I ■innients ,i I't^ p rt'f 1 ic. a t ih 1 up'')n two major- obsrM'- 
II, r . ;,o . ! 1 ■ I' ) th-' cMun.itf^ ior huilif'f fdiication betv,f''^rj 
! th" lofM "f tho c.'Milor^ . rir-st, v. e ( .m obser'vo a 

t ..!,,( I ' j' d pfii"<J '.'t r-f^Jucprj h'^'^JtM^-^l, St.) to <ind pefhaps 
1 1 pm!'0>. I ((i,iru.iri! up[:)ort for higher education. This 
.It :,)ti-;t v.ih : '■ '\'-'^\\\ \ J (. i ■ r- i > a Kv.i by continuing double 
: ;;• i; ■ .'■ ,:i ■ \ '■[! •!l;-.|os ,)nd universitios will 

w..T.- i -J ( ■ ir^.t ru( t ion wiil be increas- 

!n.;|x, '!i;p!,'id se'iirc .imi phv:'H-il fdant ma i [ ■ t f'n a n ce , 

:,,,.■•_;,;;] ,n-! ■> t^'!' .-IdfT" '.tro'- o-.^s , pf^'.unises to he exorbitant. 

[ [u' abi h t^' of I n s ti t u t i . ris to r~oar:t to now educational 
\ \ (.r- M p J . . r 1 1 u 1 1 1 1 e s w 1 1 1 b<, ■.> i g n i f i c a ii 1 1 y .da o n u a t e d , S u c h 
, 1 ,ss 'i th-'xi^)ihty will ^^e particularly pronouriced and 
. > t •'[! 1 1 a I h, devastatintj for riiany institutions. The dynamics 
,f to'dwr 'duc.ati'jn are rnM^ing inexorably awav ffom inten- 
r-,-, . ir'Mt instrurthMi , partiallv' <iuo to tbe s (me eco- 
:i..[Tii( (,.;;■, I < jf M' at ions triipactinq our public as well as 

As we 1 nc r-eas! ri f'i ! Y '-lew entire states and e\en larger 
- ,r; fviph 1 L .if'eas as ..ajr con s 1 1 1 u en r; y arid pfM-ceivo the need 
to S-ano or u ^ a 1 1' « n a i exportisf^ to the people, the cost of 
;l,.ifir; '•, , , .(M^fTis to iru.tT-.ising exponentially. More and 

r^ii.u-e tlie uiiiv rrsity will :)e, raghtfully, viewed as a network 
■leog r-a o h i c - i I ( y d i s pe r s ecJ a n d i n c rea s i n g ly r^eh a n t upon 
efr--'Cti\e adai i n i >d ra 1 1 \'o and public communications. This 
SrifK;'; us to tho '.wct'^r^d major observation. Institutions are 
,1111 n. ; rioticeably mor'e information intensive. Our role 
h,,s !jeen to discc^ver, develop and (iisserTioiate infor- 

nwition but our~ intt.o'oal operations liave ne\' r been so 
ij'^pt-^ufien t ij pon ef f ec t . i n f or'mation pu r\'ey i ng as they a re 
now, arid ok. rea s i n(-p ' be. As the institution grows in 

(.'.fnplov it\ , as it cf.f 1 1 i , , n f". to reach out geographically, as 
it:; ui \ ' 'I \ einen ts in sponsored r^esearch and public service 
'-each i;ir;her levels of activity, the demand for prompt. 
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■ V, - 1,,, . iiJ' I .1! t-iiii.t •, t, , ,ui., ir,--.<, ( h.t-^o 
J '••!!*•■.! ; . : 1 il-'ir , liilt' ( Im 1 im j ,ii imi nr; t tm 

•I 1" f -III .1. . ,t ; .1,1 I (■.■.!■;. t li I 'iij^lj <; 1 ti:;f ,ir. 

I Ml ri-.r.i M M r |. HJ % ,,{jf )cti t » f of 

;;i t n [( 'III'' ■ i 1 1 1 f 1 >MiM 1 1< -ri ,tn(i 1 11 f onri,! 1 1 on - 
"II ' - ■ : ! ,u !fni f , , , I i.i 1 1 ^ s t J ;>f M )ft scta ices , "Tlif 
^ I'. fic\TU<Ml to siKjfjest iru] some w.^ys and 
\- >i \ t fun .ii n ,i[h! rU'in^i' i'Miiont scirnLf* 
■'■ ■ ' ■ ■ 1 1 1 1 ; ■ r , , ■ • , 1 1 1 , h ! n 1 n 1 1 ■ , ! ( , 1 1 1 \' c • f > 1 • ( n: f ■ s s ( i s 
•'- !i ■ I> '.r ■ ' liM'\ . >f ov^M. rf(iii( , f , r> _ { 
* li'' !' I 't ., J , a(i:n I n IS t r.i live s Up[ jrwt 

^1'' J' . • . l>y no nicnns o x li ,m j s 1 1 vo , 

''\'''.) [\\-- . . rtinfiit *)nf's tinnt migfit be 

' ' ^ t"'\ V, 1 1 1 , .: : . I { (..( is poss iMe 

■'■ i'>r\r.ry tjitfr , !y the f^xcitin-j o [jpo f t u n 1 ty 
;•• . '^\]<l 'MNVT . lit'S n^ tins iit- vt *!or.nde. 

■ . I; -A'. tfiis tnti.rw. ^^tli r,,nc'r.[- 

! ■ ■ , ■ 1 ' ' ■ III i ' 1 ' ■ : ■ . ■ . I ' ! , 1 J 1 1 \' o I i 
t 1 ' ■ I 1 ! 1 1 M ; - >) .Mfi I J ni t V t. . ; if s I lifMnsfK'Os 
li'';!t"i in ;■■-!■ ,,rr! ;>nMi( i "'fi.of)t i<.'n of loaci- 
" ^ ■ • * ' I * !■ 'f . ^ . 1 11 li ,\ Mio\ o V. ,11 r-rc.iui ro t iitit tlie 

■ ; '.n-.-( ! t. , ri-,, t ^ij ir.k |y to , or ovon to 

' 'I >' »rt n : 1 1 tr"-, ,jM(! f:firin<}inQ u c ."it ion ,U 



■■ * ' ' i 1 1 I ■ - n ■, .ire \ pt ' fu' n r I r ' ] -> o ; p d i* <i n 1 j [nr - r . ■ i> 

d\ f.-,Mii rc*' . ;\ri' w-d .1 /j 1 1 con\in>...^d 

' r ! ! V I'M 1 ' p s u ;.)p ■ rd so['\' K.c^s fn') vc kept pace 
: ■ ' >\ ^^d q n .) 1 1 1 y -1 lui ont rep none u rs h ip of ou r' 
' N r pf' r-(.f,p[ |, >f| of in.i n y i^'id 1 ng 1 ns ti tut ion s is 
t r^'in tins p ri'.l > '^t, ; . Tho tune is propitious 
f i ' • ri ' I V rn-..^f- to .pidrf'ss tlii:-; a pr^ru-en t i y com- 
Mii'-..' no. tnthifis that rnnvr qoirdjy and sue- 
i'fiii'i tfioir ,idiMi r n s t rn 1 1 V support Sf^rsocos to 
' h'M f f,u: 11 i t y and s ttif t pot ont in! s 'nou Id bo inos t 
dionod {o ijso theso coining lean year's as a 
t'^' fp'oa t n f reC' g n 1 1 ion tind so nv ice . 

'tcai n. j!--.,) pr<-r!n:at^^o' upon tf^^ p r-es u nip t irjri 
J i II \'"r s 1 1 IPS liavf^ ox^)eriorii:od ri n tncre^.iso in 
inr.r'oase 01 tlio u nde ■ ij 1 1 1 1 /a t ion of thoir use- 
^ IS n ol^!) and flow in all o rr;an i /a tion s 

, tK> orrj , n ) / a • c\'('r captu nes ] OO';, of its 
Hti r- ( !/'r.ion n Id be employed to i^elease 

a'f':\' . f.haniiei it i ^varxj oni' institutional pur- 
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■ ■ . . I .1 i r • ' . i I ' ' , ! : . I 1 I ; ■ t I , • , r ' ; . 1 1 1 i , ) t t . , ; I 1 1 1 1 1 1 / i n i ; m 1 1 f i ( lent 

, I ■■]>.'■ w :■ {■ > I ■ . 1 1 , ■ . I I I J ' , I ' )■ • I I t' IM t ' ' I li I ■ 

• ■ • ' ; . I I f . I ;i; r ; > .i f 1 , 1 1 1 ' - • \\ ■• f ; t > - " i , t s \' s t cm [\],)[ ' iof > , 

' • ■ . . • ; I ' c t i, , i, , , ■, .1 ,.f;i I h.it < ii . ■ f. t }l Itl- J'. 

; • ; • . ■i" ' ' 1 . • ■ ; ■ ■ I ' I ] 1 1 i t \ . ' ^ i , l ■, t ■ i t 1 1 f [ i h ir i > ^ 1 1 t fi ml 
,1 ; ; • ; I , , • ' t ' . 1 1 ' ; * ■ . : M ■ ■ . I ■ ! i ( i ■ ; . " ' ' M I [ M ■ . t ' : ■ I I ' ■ . • 1 ; ■ ; I ' • ' ■ t '>(•(• 

. , , I , : i. 1 1 , i . h 'fit Ml- .1 ■ , I (■ I M i-H ti' in 

.1 [ ) -I I ' r I ' . ■ ..II ' j til- f I ■ , ' I ' M) , , : ' 1 1 1 ) » t , i. . 

, : ' . • 1 . 1 ! . • M < ' ; , I i 1 1 ; , M I ■ 1 1 1 1 ; \ ( i m < ■ ; > l • • ■ -mi M - » i f . j M 

! !■ ,;m 

/, •• i.'W tli'> [ii\''r',Mv .1'. ,1 \'Mf(,i <) systf'iii corn - 

/'.■;'7 f^- !''!■■ .ii'M . ( r- i ji ! ij f'c lit- f}ijf'[u)^,t' 1)1' 

■ t Ml'' in .MM. Mi-.fi tci ,-i(,iM|y ( l«Mr .iru,' (".i")fitm 

' , t . ' )l.lli>'>:- [i:- :]\ [)y ]\- t()[J -iMin I [ I I s t IM t loi I 

.•• i'.y; . ; •■.;'lt> rt",. ;r M I s i c <-i I pLwit <i(iM 

; '•■li' ■ ' . l-fiM.ii I ii" ■•(riJi'tiJi ' <>\ Uu.^ systom imisl 

• ! ^ ;i in!>n p'-, I', iiMtwi'PM thc pru'ts tind pur~ 

111" ,trij(t we fiiiist f>rc.'\Kie f',);' u f.." i i n t ) -tinong tlie 

, .i' i;. : ' ' M'. '-'Ml tht' fi.ifts <wid Ihr f nj rr^'.^s r- . ~"\m- giue or" 

• , ; , I I ; ' r ' » • - i J t i i r , ( - M I ( < 1 I 0 < ] IS t i t m . I T. I O fl " I f u' i 1 1 • • I I fl (:j I fl f O T " 

.1.. . ,f !iiii [ ! r>t f.!t r. ■ M't ■ sIhmjIM 

, • ■■. I .i ( . .Mifif 'M I' PN ■, i ' " [■ M 1 1 fil '> li' >M Mi( 'si I It' riiifi 1 1 1, 1 1 

Ml r .'.1 f .'N I n< ; ) ; >\]\ ■. \(..\\ f ' [ i \ 1 1 - i m [i h ■ n t iii which fx'MMii-' 
:>'..nipt. i.'li.iMh' f n f ( ) rriiri t M.ii I is x ( f 1 <) n rj(M J oxchni 

njs,- :,.,tli f)r)Siti\'' -i')'! n f ; . 1 1 1 v fct'(iM.u:k iTincli;-)!! i srns r.]-':-- 
,1 M : M 'tli tht' f'irt'> idci the \ >n r\.)0':^(' . 

Mit> I- f\ tn IK (.t-:. M ; I ^kIiti i n i s I r'.i 1 1 vo sur'poft is an 
.,>->n, iiivitiiifj. (.iMliMihii ; j'hysiCil fM) v i r'onnin n t iii wIiicIt 
n.- t", '>.) r\ I f 1 1 r-tfiiio 1 1' M'l- i'tisinn ni.ikinrj, at all M.-vels, is 
rr -M'iv «' ^f,h.1n( )*"M .ifi'! fc-jMil^ a \' fi 1 1 ri M hv What follows are 
■...■Ti'^ r.iMM''ni ' h ^< • fv -1 1 ion s un how such an lofocfnalion 
■ '1 ! s I \ f hM;;:!' tiMtivo s t c o c t r could bo developed. 



A ijrni rust rat I vo Struc tu r'e 

^ \'-.\\ \\ . tht' u'i),u(i/.M ! Mi.il ■> t cue lu CO tUiOs ^I'jnals to 
its MoM it U-- ■ Oi'-'.s rind -tfiou' t rir 1 1 1 t.itos or filter's infor- 
[ii/itio) :ul' ■ signals onia nat i ri c; fi-om rTiany 

;t rurM ij r-'s ; > . ; 'in [u s t r-n 1 1 vo offices are n\\\(^c\. On the 
■ utr' l,oi i :i.)[i , <:\ tlit^s^' s have r-egulatoi~y or at least 

,1 PP r - . ,1 1 I . ■ , p. Ill stf u 1 1 1 1 res pon s ibil i ties tend to 

f.->f.us '-M'-uT} f^xM'rfi.u r' ja r. iza t ion . We fuive m 
[Til n< :! Mr,^:-. s u r.h a s f'ei . i . . t , Pij r'chas i ng , Accou n tuig , 
M^'mMM^. /uuJ Safety, etc. wher-e dominant concerns are 
'.!,]M> ind I pdor.il rorp j )a 1 1 on s , uiternal and external aucJi- 
"t (. , On t li '"^ ^.t her h,m d , tfi ese otf i c^s corn t r'Oi M , o 
dr. >-i'': ■ -it K >n of intorin.itiou tloit is tiie very lite blood of 
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J ' '■■ i N' 'h t h, ■ .1 nr.. ,,[).! Mil Ill 

•fi .M<;(l t. , (11,1 In . 

' ■ ' f ■ ■ M ; ' . r . " 1 1 1 M ; I ) t ! M . 1 1 M i , . f , , r 
; ' .1 i t II n 1. 1 1. Ml I i-i jin t iu' i . 1 1 'jr ■ 

«''li'-ttl''f MJcIl .» Stt IJf.tlMMl 

>!■■ .i; ..M- ■..•-Ml , t,, i,,. ... ,i 
■t'.. ) ; n'iiI ( h,M. [ir, 

''fit, t il<' n r MM ; I , .|- ,1 t • ; to 

' t : t ' ' f ' M , . > in ( ! - M r., I . . ; I ■ . . : 1 1 1 . j 
llifi 'Mil.,! 1 .11 f.'lS MMlllM-itlon .;(,-• 

''iM- ( t h, . I : I f , ,rii] 1 1« .n < ] i .. 
' i ' I r-i. M t f,,itii, \\( .! J i . . 

; ' ■ ' ■ ■[! I - r-, , [Mint ,11 1 1 j 

■ ■ -'l' [r. t MMtr.fV [ of 

■ ■'I'M', .f . '\ >t'r o ,i ih! 

-ti ''t ( .^fl.M.t- o .fif-f- 

'M,i [ 1 \ ( .wii; ' M :w ■ s S( )M n ' f ■ ; M ) f- 1 
1 1 1 ! ■ .1 1 r ; [ 1 , t( iin I ; 1 1 s t r.i t i \' 
t"'' m-n!t- f.ir- st ructurmtj thf> 
•t fit i-,';M,rtfMi thr-*Mi(jli 
^ • ' v [ M ■ ; \ M f 'tM^ s 'w) ry to so i /p 

f ■ 'I (M-i t Ml ( f 1 t.MI M Vf I J f t t\-fM-S 1 t y . 



r ijf t ij f, i.T'tt |f-fj upori , it 
1*1 .t V ,t I >i I it y ,i;tri i n t^T - 

"M; r>f Mt ,tlM ! <]< ,mI I Ih' UN I - 

Hi') f^(!<j»^ (,f t(V.fHU.In()y .WK^ 

lit" its ; )H f t ^. who sr< p X r.pp - 
;tily TM '.IV <ii'^<\ . \ \}:' probloMi 
1'"'^^' ( p'*"' ( in f ,i(.t , this IS 
1 1 nr^ t . ' ii J ) ,r.: it is to tr.r'HldfK* 
f 'riiMMMih..it I' Ml hiiks tli.it tic 
' I ' f >; " >r[ siM-v if.(>!; s lion hi [ )p 
p 'Ml V I f' MinuMi t for* If 1 f '>rMn<i tioM 
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: t , ■,■111^ ,i; M'. 'pf 1 .1 1»' !■ ■ i ' .fi ■. M it-r t lir^ j . Ir, m! ,il 
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, iilw; \-<r [)»-;% f,'jIlStrM! tl'MI \S I I I t'X< ' ; 

i * ♦ , , . ;ii I .\', I'M'M-t ;\ (-■■■.! '. rt'.. 'MiriP' .i !ri 

Mt.lM:•.'i,.|[l^.^ SmjM l'>t th" (!f'MIM!)|iltv ,i ■ 

r MM ' ;^ ;ii,M 1 'MLM i t ; m .wicj t> MfM'f ;v o r.^ . iir'^t - 

i" 'h^- r-xtf.-nt < i n m 1 1 mi'iti,) 1 1 mi i itfMisivo 

,ti.i:is- ,trfn (MM !>f^ put n» ph' , tl^^^ runnJ 

;.,ui'!iM(; ,Mirn;[ir,t t .iti \ o r-f^( ; m i n'M hp M 1 s shciuUi bo 

i ( Mtit r- .1 1 i :m ; t h fn\v th (jf Sf>.r:o r^or^M M*rcJ by 

t r-,, ! J M M'.t ' ri > t -Ml li»'!p r-f -liox'O whnt pr'oniir.ns to 

. ,t til.-" niMst : MtK.^I pr-M[)!r-ins <.>i tlip nM\t (lecrKio for- 

: ; t I t M t ' ■ ■ M s 

hr MMM.rf.itv M-tv.Mfk Mb\iMi):;lv Mithuifs phy-icn 
;,,,rlMw;, Mhif.ul.n- .itkI ! - s t M m trivpl (.icililK'S; 

,,| r.MMt.HMriK^Mt ; \ u^\\ ( J. . M s 1 1 ' I J ( , 1 1 ' M 1 ; R 1 , 1 i Ti t I d M c c ; and <i 
rvi .jf . - thof (-oncofMS tiint wili bn t/iken for 9 rrin ted 
c.(, ih.it c-MCt-'fM riiMY bo focMsod on spvpthI new 

.•IIK-Mt'-, 

,i, |*M I . I H' i I 'u^ (.,ip,ibiiiU tc fpot in-in^ of the id Oris 
,.;.y -rM'd IS the p ff "o mti;.i t !■ >m (.f tlio existfMice 
r.'.duiiMMK <!tioM n(-t\%Mrk . Tlio cuniMJS alroady l^as 
, : ( i 1 1 f r-oii t f w'twi J s in ' 'pof'a t lor) Uif? nios t ta kof^ - 
.inP'd !■; til'- t''l<'pl'"'i'^' .iddition. rnost \^;ivn the 

, ,i t olovM.iMM MPt\sork HMcJ an ox : "Mitially 

iiiw; t:Mni|>Mtor- fH:twofk . tt is oasv' to '■.i.iOjn a 
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.);•.; ini.itf'ly 100 s^;iJ<irf' foot oi 'Ac^nr sf^-ico, timfi jncitliot- 
' :00 s<;iiMfr- foot of '.-p.ico is av<nl.U)lo for ox pension . Wo 
V, »ll -.4111 1 ,w if i 1 1 1' 'd-i I f»XHinr>ios, l)ut thf.' pwlrMituil for- iinpr'ov- 
i:,.; <>in- intfTii,)! ( < xiuiii J n t(.,i t M >ri s , 1 1 1 1. ro,i ;■. i n c ; r»ur off(^cti\'0- 
,,..^s <ni(i f ( (f 1 1 r-'l 1 1 n 1 1 Jrn i f 1 1 s t om 1 1 \' costs is truly 

M;;; ' i(,Mnt . 

W V. ' 'ij i( ! h.)\'t' to cuf I f t'ss t li.j t th(~- f ororjf->i ng ox .iniples , 
.i!!'! !it<M-.iO\ li ij n t.l [-('f] s vi otlior^. wn mitjiit riiofition, ar'o 
r-,,tiitM- ; )-M it-»s t r-!,i n . If^t us C(jnsi{!fM- sr^vfM'dl c^xainplns that 
hiP pi)tf>nu,jl (jf cli.io. fjifKj s hj n if iCd fi t ly our ofxM'ationai 
[i,iPit,. Or-(pf)or- .ipphcation (jf t oc It nolng y , as wo said e<\r- 
!■•■• , v.ii: fr-t cli.iiK';'"^ fi'n\ v*,^' flo tiiiD'/js !-Jut .ilso what 

!t m a si'T);)!'-' (th'.ij-;h fKit irinxp>ofis vc) riiattnr to 
pc. v.idf^ hS>fMr\' S'^u'cfios t rom a faculty rnorn[.)nr- s desk or a 
stij'!'Mit ( i' jfini tt.' ry ro'irii . Cofnbinod with an offoctivc 
< i'-! I t'fv '.\st«'rn vehicular- and pndoslrtan traffic pat- 

terns -ifid sp.ir, utili/'ition as[")octs of tfie campus could be 
',, r put ic.in tl \ tdjanfjfnJ. Eivon mor'n r'ariical cfianges are pes- 
I'j'io it " (.< a ( 1 cni;.j lat f- Iho pr.")Spnct of placing tho con touts 
• a :)....[ s ,)n(i ■^.tuiIs ui rirudiino ro.Kiabln TorTnat. On many 
!.,ir r,)ij s^-s tlir' t.itjilty havo .ilroady bngi.jr. making their loc- 
P;r '^ ni't^^s .i\ [ kibto to tho studfMit via coinputor toxt filos. 

\ vi'\-\ par-Ung Sf\><icc (sav ar-ouncJ tlu^ liL)rar-y or tlio 
.f]i ; , 1 1 1 ui i,fMitorJ f-oguifos appr'(;x niMloly IJO square fnot. 
V. M-n usees r.ifi -if:cf^ss thf^ Sfu' vices of tfio librar'y, or what 
a,,\e V'U , V, ithout tfie nocpssity to physically tr\">vo! to arid 
;.,t;k tfieif vehicles tons to hunriror.is of tfT<JU sands of priino, 
-.T.tr-,}! s'p;.M-f' f^^rt (>\ sjJrico on caiTif)US cafi o,lSll^y• l^n frcod 
n->t i<' t!)"ntion fs c,i p t u f ui ( ; tiio pfM-sonnol tirno lost m 
tr .io-.it . 

1 rio, ./r-', it\ puldicit ions r-Mjki Of* takon di rnr; tly f ro\u 
.';.tj'^ Mit' fin^il pfint shf>p) pfCHjur.ti'jn o 1 oc t ron i ca 1 1 y . 

tlif p"ir (M: t.i'p-' id rr.p\ I ng of C'..>mputor Mijt{:>ut <]\-0\\s {by 
Ml-- .-''d f M:;-; (|r.,-,td(- it will rnpro'^rr[ oO' of t.'^tal copy- 
in'jj M v,\\\ be no(~.oss.iry to r:onnoct thn ^-Opy contors to tlio 
( , .in; >i J t u I ' ; tor- . A largo \'d ufDo of tlu^ g r-ap li ics cu r- - 

r-.'MtIv !).-nn] r'>rodnco^] ow canir)Us coinos fr-orii the cornp'Jfor. 
\[ I :s p< >s s I b|p t'-^ p r-ori ucn si idos d i rfudl y f roni t lie cornpu to r . 
bi f .ict t h o l:)u I k of comnmrci.d 1 1 i u s t r.U ion ( n oa rd y all TV 
r,oiT^a]'U^r la is for i n staru:o ) a r^o p rxjd ucod by computer . Du r'- 
I fi' 5 t iu' lie \ t tor^ y r-a r^s mos t 1 1 1 u stra ti vo work on carnpu s will 
sw I tfdi to l)einr; coniputor^ gcnnrMtod , Tlie integration of tfie 
r ; > ! i t e r . television ruu J tho I oa r^i i n g r o sou rxc^s center is a r, 
unt.io:>^^d r^^'tential on most cariipuses. 

I he tfieme of this section is tnfor^mation technology and 
,i(ifni n I s t l a 1 1 vo s u ppord se r^v icos . We f ooL quite s tr^oiig I y , 
that the f otur^o of highor^ education is intimately interd wined 

13.] 
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tfi.it ,,;.;.-.:r-;, ; . t,, !-,f. tf ito. {-lit it I 

: ' ' t 'T, t r< .111 []]•■■ \ I n { . , , :•. I i f m ; vs fi trh f (it ij rc < If^'f-h . 



llf f -KMl.lilt^ 1. 



^ " ' 1 ' 1.11 1 t \ A, n .'-v f p; ], . .|-t I) ;itty I s 

■ ■•■■'■i /-- til- . ■I^iiit'.-. ,Mi:! -r,fM-.;v nf ,M]r (.icclt^ 
' • !M.i I I n- j ,,^ ,M i )!r> I M ! ■ .1 ;iMt on tr, M-(>vo r- 
Mil, ( ill [•>'■ .i< i . .Iis[i<v! [>y [MiUi [).; in 
',\(' .iL !fni n I ■-, t (M ! I V t- -,M;);)0[-t system !),isf'ci 
't; 1 1 II '['i t i-'M "f t n t IJ fiPN.-Miopin.-M, t s 
• •'H.ii .jti <w r. I rr MiniPii t \', i i j (.orno , 
• ' -li it ■ w in; J V \)0 c:.- fru'rl i n to 
t i ][ f 1 1 \ ,r, s ; M'! f I ' ; i >■ >,i re.' t ■ - <i 
t ' ■ ■ ' : r ' [ J !^ r-'i) t .m } n t u r.^ (;< m s ' i 



r M . 1 1 1 . ' n t , ■ : 1 • 1 . , i - I ' ; 
1 1 " ^ t I ■ i n r . \\ \ \\ v," 



O i fj .) n t n .ui 

' i t I 1 : ' . ) 1 1 . . 1 1 1,1 I ..nm; Mj 1 1 ■ r d" nij-rl oncf^' .iiicj St >() 1 1 1 s 1 1 ■ 
11- .in\ I n . * ■ t ! ] • |, .( 1 (.< hKjM^'r f^-' ; u f., ,i 1 1 - >n is c \ i ifMFH^ ! ^ 
■ ^ ^''! ■ .tt Mil- -.h-ct tcriM (two to W^mc \o,irs] 

t'i\\rr,- ';■•<■ .iinf.iv oSspi- nx; thr^ cufrrMi* ,icti\'i- 

ti'"''^ '^t til.- .ir ! \ iif ! I'M I pf'Mf'fit i-. f users 'If our owri 

' •ii'i: ' 1 1 s*'\ It tins ••,i-o\v dv-.s n.'t \ i s t .ifnonr; c-uiipus users 
1'^ ^\ t.iif M';n tiirtl cr^ni; )ij tor o;uM\"Ht;ons ;i re st-i<'j - 

'-■I'-t 1: ^''nt- lf>v', .-i-.-'s ovi-: t slioiiid not !)o s. i j r-;.) r i s r-*;] 'u.> 

'•*"■■ ''I' ''r- I'-n oo;-(o-nt i;f iist-r--; loor!ifi<-j r\'on tfio 

' in;>^ti','; ■ : > - ■ r, . t i ■ ■ n . It is tli.- ;.ro',sMrp ,i;.;'lirM| [ o/ this 
'J;' '"^it ;.^'S"'I-. 'Ir.i'js, < i'^; x^n ( ii n up'-in yonr po'inl 

■f ^i*-v. 1 i n-, ' 1 1 11 1 I- 'n il ( t';!;oitin'; , , r. 1 1 \ 1 1 1 c ■-, intc- tlu' fnln-p. 



■ ; : ' ■. M ; 1 r o. 



t fi ' ; M *■ t i^n (..,1 M \v.-> r.' '(> t r. )l , < i r .i 1 
' "'t '.Im: " .M f c ;n; .i;t i[M ; f n In'-"" " It n-, * y ,,(,t h, this (., ^r, 
■■i:;.nti:i.; .!,r'^c.t ."s t- t-( \sli,,t is 

n . r ' . t " ! ; n ! t . ■ t i ' r ! ^ - 1 1 this ten ; - f • 

■' ' ' t ' . •• ! o ' ■ r ■ ' ■ni;n( J : ■ 11 ■; . I n i''- t fu (!\' n,;f;:i ; n ,i t n ro • ■( 

' ■ '■ J t ,1 1 i .n : i ; o j -'H t. rp fs sc !i],i v i:i'i l.c t • -r ,i ti 

'■^'lt;M') MS Mh-iir'fit , it ,ils" fn;ikcs for' n ( ; i sq i ' i t ni r>nf^ 

* ■ 'f i fio!>(' ' ■! US v, . ret ; n I rn s t,i: n I ; t ^ in < m r (.< .mpij 1 1 n f ; on \ i 
["•nniont, V,<^ r.f^otf t.. [)o (jrfMnl not to c.i j f 1 1 im"; ■• .o 
'f^'"HnK-" .ind " s t ,t 1 > 1 1 1 1 \ . " 1 .i i > 1 1 1 1 y r.^in !)o .ichio^ovl m .i 
iMiiiK. on 1 It I nnion t it Mu> cirwistrint prr,(.ossion of s(},Ki'-;f> 
(.111 i)" iisi-io .■ssrMitnifiy t r n n s p ,ot- n t tr. tho nsfM-. iw 
''Mll'■^■'■ st,,l>ilitv at th,:^ pxponso ,,f <]r-svMi,,; > , t h tho t<-;.h- 
ti''i'":y IS rnnf.h t'"' hio'h ri pr'if.o {< > pay. 



'hic rr,.''tiv.f! f..r 'o>pi[;.; v,\[h siK.fi a rly (\<\i:^\(: (■■n\irs-n 
IS t- ' i'>\.'ol .p rnori n !,i r sof t v.si ro winch snpn rsi t fs t 
■li .'- t' . H \ n .Wilis lot r- j\s ,j r(- ,tn< i tr-uh n'slor;v^ f r-.>n\ t h-'' ■., t ,i 
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.Mp pr.KOssinfj; lorjic. It tins is to 1)^ n r. ~oinp 1 1 r, h eri it innans 
\\].\[ t lip ftf^ X t ('jt-fif^ f,it ion '."'f ndrni n ist fnt i ve sof twa r'G s y ? toms 
v.ill n"M'(J tT) bo (.■■'Dcof-'tij.illy r-o-fiosigned wnll as r-c-pfo- 
(pMriunt.Mj. I lu^ l.Mn-df»n of this rfttwt will nf.M^ci to be rh.at-ed 
in..ro o^ii}<illv i)r'tv,po{i tlu 1 n f " rtr-i t kmi Systemb group 
,ifid tlu' I'S^'f- [ ^t^prirtiruMits th.ui h.i^•. [)n^Mi the case in the 
;.>ist. Con t !' <i 1 1 n(j this (jycniniif, pn v i foniTion t will rpc^mr-e 
t't^ • t fi I n [- ! im; t hn fol e of t h (? coii campus facility as well . 

i i^.' fp \M 1 1 lined to bf» s ! fj n i f i Cci n t cha i^^jps i fi ma rmgouien t 
■ , t fi t li t-e , ( ipt'M-a t ion s p i-( iced u r"es , netwofk des lyn and 
m t r-a - 1 1 1 s 1 1 1 u t m na I conun u n i ca I ifui processes . ^Ve intend to 
Mi,ir«p fins ar[)!tr,)C>y sr-jjaration of topjics for further discus- 

;i ,'^ , \{ ■.iuMjtd he \u)r\)(' in mnu! h(iv.e\fr, that they arc* 
,,;! ;Mrt irid p.-src'^l <",f j f:<:>in p r e h e n s i \' (.^ itite^p-atfvj devdop- 
:;it ai t f -"'r the f ii t u r(? . 

i)"hp\e tlie next ten years will see a major I'estr'uc- 
tiMiM'j -'f tiip f-r^jani/ational chart of many institutions of 
fiKjfter ••(iijcatKui . As institutions begin to recognize their 
I n ;. tf.t M IK j d'"'p(a"idency on c'lmputer related activities for 
li^'ic (i<r> oay cperatrjn, and as the ideniifiable C(jnif:)nt~ 
t ri ( j related sha re of ■ he [;udget ex ceecis ten percent , the 
rn p'-.s II r-e ^or a mor-e constster^t , glol)<il view of computing 
^Mil boc^'ine insistent. We s^^e two f)OssiL)le scenarios as the 
;r''>st p r^o^)-il )lf^ o r-g a n i / a 1 1 on -H T'espjonse, 

i ho first scenario, and we think least hkf^ly, pr^esumes 
tlie V.I <it'S}-) read acceptance of micr-ocomf.)uter [;y users and 
U ;aM- V, illin'inf'ss to develop a rc.isonaldy strong capacity to 
-isf^ ,ind prT-<;ratn thnm. ii does not seem un reasona[:)le to 
.--vj.nr.t l(lf)()K and uf; main stcjrages and cycle times of TOO 
n.tii- -'.tM-.-nds in the nf^xt two generations of mtcr^os. Siiould 
tfv- iJsfM- (.''mmiiMity decide to move in this direction it is 
i...;ir,,! t^' predict the reciuced if^if)act of the c(Mitral facility 
MSTT- pr-rx.f^sses a n r! the consngupnt attenuatiori of the 
i!;:p:>rtance of compaiting centers in the gener-al scheme of 
iur.at r aial institution mar uvgefruuit structur-es. i ri such an 
.■M\ n-f,r)mf'nt v/e can expect to see the Information S\stems 
'p-Mijp ,issuiTie an operational I'oh^ mucfi on tlie hnes of most 
.-aJuM- .uiministrative departments the camp*-JS pr^nt shof) or 
P'>\%fM- plant might be gtiod cnr.iparisoiis . In tins event we 
\M-.iilrJ expect to sec the computing opecttion under- an 
Adtni n I str\itive Vice Pr-esident at a reporting level sfjch as 
bniilthii-js ,hk! Tn-cainds, Cenlt-al Stores, the Pmnt Sliop, 
otc . 

f- a r- mo r'e likely, at least for- t ii e next d eca de or two , 
vmII i)n the^ desir-c- of top management to centr-aitze, focus 
'.n, and attempt U, cafJitali/e on, information related activi- 
ties ,k; r-"ss t e ei , t ir-e sf^ect ••urn of tho ed ucational in s titu - 
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* ■■ ^^ut^^ ,ui (Mi\ If :i;n(-fit vvc wf.iuld ('xp.^ct *o son thr> 

'ti'Ti <iiiii cr^n j^r.l I :,,ti()n of i n f r-nvi 1 1> > n fpl.ited activi- 
'lit I n;j w) .1 r-p- ^thjonion t of vice f > i-o s i dnn c los and tfie 
= -i V ic.^ f';-osidt>ncv for I nf o rfii. i ; i<;ri Systems. The 

r*' -ill. jnni'Tii thifik iir .St li^ \\\\{ ir;' . .|\'(^ : 

f )inpf) 1 1 N ' i I , . •[ 1 1 1> f 

I Pri fn I II fV^s>-,u rc.ps Con tof- 

1' I I I 1 t S fK)p 

(.^.f)V Coiu.-f 
M.) 1 1 f<( )■ tni 

^ >:M;'i];( -> and Mir-.i-.^ ^;r-a;>hios 
( .on t r.il I / cci \\'ord i - rocoss i ru; 
•\ r^:\^ t \ a ! f<ocor-ds 

'Wuijp hkoly ,M.:r.;Ufits for U)-2()o of tiio institu- 
tK'n.il fii,;i 'I t"r),iricf> and o[->r- f-a t ion s budget. With {be cxpo- 
of till.; I J so of information technologies this 
' > ^-p'M 1 1 : 1 n [ J , ru course, oo acicourUing procedures] 
(.a/i l.>o .^ypctUerj to rlou!;io in ttio next 2()-year period. 

\Mtii T'ltlTor- scfuirM-io, wo exr.>ect to see greater user- 
ant-. nom^ .ind inrioprMidoncn. The usr?r will ins'st upon tiis 
f.omputinrj NPiog (iono m an on \' i rorunef U par-allcling the way 
iu' usr^s tho to!f--plione netwoi-k. fio will also insist upon the 
same k-vol of t ra n sr>a renc y as to how liis processing is 
'^'f' '^''l^' oftr>r.tod. rhn rjrfiiiso of fTiass transit systems in 
frl\•^)r• th-' pors'-nal autumol>ilo was heralded by the advent 
'•f tlv hojIiwHV fiotwork. ComfJ'JtOf- communication networks 
'''''' hl r-ly to l^.iv tho same impart on user- pi-oferencos as 
^hf. stvle of ,jno' (Mt \' i r'on inon t >n v. hich hf^ dues hts pr'O- 
r < : [ n f ; , 

1 h»^ imp.iot of eithfM' :;t:r'nririn on the computing opera- 
tion IS nr.t III, olv^ to bo so f-u'c-nou n cod . The need to oper^- 
'''ntrtl CMfiiputing ^icility will contiriue, rilthough we 
e\po(.t to see many, if not all, of ttie hibor intensive 
oiput raj{^,)ijt operations move out of tfie central facility and 
into user offices. Co r' ros r^on d i n g I y , we expect to see a 
mucfi o\panri.-d r^olo for- tfie user- ser^vices division of tfie 
computing oper-ation. At the same time will corne a much 
'•.trf.n<;or tu<,js on maintfjnance and otiier- field service oper- 
'■'^I'-'fi^- Mo; h of this new emphasis wril be directed toward 
the tolepr-occssing and networ'k aspects of the computer 
operation. The softWriro doveloprnont arm of tfie information 
s V s t nms r-oup wi 1 1 L-^e corne more in vol ved in developi ng 
broadly used softwai'o pr'oducts as opposed to the current, 
mor^'} specific, focus on developing a "total" system for a 
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9 1 von usnt- of f ico . A r luch tnor-e r(.,ij i taS!o b.^ ' mco r.f 
li.u-(Uv.i r-p .'tnci softw.n-r- ^iIlM)! can ox;jo:t(-d to oiTiOf Oe in 

.ill c;Mrii[.>ij tCM" f<'u:ility r,{-'.<ips . 

Cornputor Oper-ationc 

rho f utu r'e shoiiki bruKi nudor^ chanc;ps in compLiter^ 
opiM'.aions . Wo expect, to sec tfie contr\il -'.rTiputnig facility 
niovo rapidly tovvrird beconiiti<j tlie "BIG SWITCh'" in tlie 
c;df:ipus if}fofriicitiori systorns notwofk. \jOfe "md mof'G tiiG 
r.(. [ii^xiti riq r.en ttM" vm II sri'vc n f an I i tn ti rig r-ol e, less anri loss 
a f:'.'iTipiJtin'^ rf^sourco f'^lo. flu^ pfodnminrint load on tlio 
C'-^n t r-al s\ storii ca r^. bn c x poo ted to bo not wo ok oon t r'ol , data 
storage and switching. 

The r.ontr-al facility will become onlv one node in net- 
work of infnr-iTiation poo cos sing facilities. It will feature 
tlvisc \'orv ki rg(^ , fii g h ly s ha red r'esou rxes wh icfi wou Id not 
be cost ^'f f 1 1 V 0 if iK,-t shared among a lar-ge number of 
users. I iu» oontral facility will contain i^rge mass stor-es 
(over c^no trillion bi(s) whicfi will be used as medium ter'm 
(2 weeks to 2 years) nrchiv(-^s and as backup for a whole 
host of softwar-o and data distributed thr'ough ttie netwot-k. 
In the near- ter-rn, it will provide lar^ge scale (2(],()()() Iprn] 
laser pr-iriting, although, wo would expect t!iis activity to be 
assLjmoci by the caiTipns fjr-int or- copy shops over the longer 
run. In the shot-ter r-un, we would also expect to see the 
oontr-al f.icility devo'-jp some in -house microgr-aphic capabil- 
ity if it does not alr-oady have i*". 

Ihe oornputor- t-osour-co that will need to be SLipplied 
by the cfMitral facility will t^e liigh speed "nuiTibef- crunch- 
ing." Carnpvjsos without a heavy rosoarcli ot-iontation may 
find it cost effective to acqun'o this service, on tliose Ov^ca- 
sions when it is rv,?ed od, f r-otn some oxter-nal supplier, hven 
when tlie campus facility supplies this soi-vice th.er-(^ will be 
need for- expaficJed linkages f i-orii the con tr til system to out- 
side cotopuling sources. It should be possible for- any on- 
campus Ljsor- to connect to the central systerii, and thr-ough 
It to effect a high speed connection (50 KB ot- ingher) to 
somf? other- computer system not located on the campus. 

As tl-\e central f acihty moves into tlus " B IG SWITCH" 
mode it will be necessar-y to develop much higlier volume 
commtjmcation ci^annels tlian are now tfie norm. This is 
particularly evident if the central facilit/ is to sei-ve as a 
repository for lar-ge data bases and a short to medium 

term arcfiive for- decentralized data bases and software 
systems. Witli preserttly for-eseeable technology and costs 
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'^'^'^ ^'''1' '■r'.-iiirn i.-inr; tlio c,iitj;.iis witf) coaxial cables , 
»^ffiM-t \.mII ho (^xponsM.'c- (lavo fTiajor- f.niyoffs to 

t:i- ifif'.-ni.iti.Mi '.u--;tcins nnUvofk. II will f^^M^init tranc.niis- 
s iMf>l) n:,; , tt'lf^\ isi'-.n unafj.^:; and r-l o< , I '-on ic ufU'^n t s 
<i ■■• V- " ! I s ( ' >:]]; M J I'M- : la t .1 . 

^ "i->''M-.d ion of tlio cpntral facility w;M br-corno rnocc 
ir-'-TT' li kf^ o[MM-<it K)fi (if a laf(-jp -jowor' utility . The 

"Cfffi v,\\\ net [)e v.itl) s;-ncific ii';ofs or specific tasks but 
ith \'A,i\ h Mr-j at id total rletn.ind. The Coinputincj 
(■''MUM- will not .ahy run user j(j:>s but, in fact, wili not 
r'Vf'ii l;,^ avsare . -f hat is r-uiniirK; on the sv.^teni. Just ns 
l'"'^'-'-!' <."rT':),,f.\ /, h-M)-- n,»t as a collr-clion (.f cif>f-)li- 

'iod di'O nsf'-; 'aa r.itii'M- ,);; (^rin ij me r of arTipnpn^^ 
^1^'^ c. Miip>i)ler (oritof (4 cycles, memory and storaye. 
^ "'"t'utr-r "p-MMtm-is uill charujp f r^om management of 
' ' nipiiti r v,.a-k t.) m.iM.»r;ernen t of flow. 



A d m n 1 1 ;, [;\iU v c- S y s t e m s 

: \ oi"--, p, i,'>s ri'MV.! to sr^<' tf^err- 

{ i t c n I \ o!-; 1 1 ; r-.- . ,1 fi(J 

■ ■ n • /- ! 1 1' w"i s * *: h.i[ : h 11 q - 

- "v; b , -I r-.' t'J I ; ; -'.t-'-;,! f) 1 




' ' t i' 1' <"! b.rd d r-; ; tins sect I on v. 1 1 1 oki [ ^ -v, t e on 

h' t h.^ ,tdmin I St r.it I p i-oc.os s ^'s t fiPinsel\ es a re li } r'ly t<. 
' '^'if'J'* ^'Vf^ /issimie th.it tfiere \.m 1 1 be cp-eater "con iiec t i v - 
d\ Ml f' 'I I'd iinplfMTient.itir^n of local r^etwo r k 1 ng anrj '.at 

^ 'H' rr> \-, 1 1! [ )*•■ t ; iii(d.(M- r.ommii n K.<i t icifi s cJ ue {o the con n t . - 
' • ^ f i r-^ t ifnpact , \.ve !.)o| levf^ , v. 1 1 1 corne in tlie s ubsti - 
t ut KMi r,f paper flow hy electronic document flow. Systems 
^mII h,»^<> tc .be df^sKjneri that not ordy capture tlie cont(Mits 
'd the (j.H.umen t presen tly in use but also captu f-e its f knv 
th rr.ugh thn org,-Hii/ation . Just as mr-st offices time- stamp 
all incotTiinr; mail, so ,ilso niosl electcMuc transactions will be 
time-stamped in order to provide a better^ tf-arikin^ mecfian- 
ism. ^-urdhe|^ independent of the data con ten ts , t h ere will 
r.f fun.essity L)e a rf)riir>lete and independent audit trail so 
that actions by the system can be vorified, audited and 
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fccMii St rur.tefj if n orf^s s ,t t-y . it will Ijp rincf^ss.n-y ior f.f.)ft- 
w.w\' sv'-. t»'ins Lx^ +(-) cf'const fur.t a "rlrita pictur-e" afvio 

<) tr<i[is.icti')n f|')w .)t .11 iv p^'itit m tho past. Cornp I ofTien ti ncj 
tlu- .i[>i!itv to <•]<- \'> <\n\ p.jKit 111 th»^ past, it wil! bn ne'^es- 
s,if-\ t'->r snftwaf.' syst'Mns tu 1)0 p fpi 1 u 1 1 \' (.^ S(-; as [r, able 
t.;. (;•'[) TM a tf> h \!ata pi( turc" f^f any tinia in the futiif-p. 

At tlu' p!-osiMi t tifiHV t h(» riMjrir- c>l.)Staclo to a cofTiplote 
r-t--p I acfMiicfi t oi f)-ip.M- J' k;iiiiu.mUs by electronic means is the 
riccf^ssity presraitly placf}fj on SKjnaUjrcs, Ifie signature 
w-is fiesi'pUHi ds <1 iiif.Mns for" s u bs tri r> 1 1 a 1 1 n g written docu- 
ments. Its (JS(> in thf ('ItMUrofHc .ifje is \-ery limited, Tlie 
tM.M. t f< fi If. s;> pi.itM rt- \( -fi t K, a t n ai in,i(;fiinfp we beluvo, is not 
the correct appr';ar:fi to \m I : . !.i ( i nr; r.|(>(;tr'0(nc docurTionts, 
f h I s s imf;>i V ta rses a rTietlif xi of verification from an older 
ttM-.h nuln. (p<t;;nr) aijf! tries to for-co it to work in a newer- 
t.M.h nolMr jv. , fortunately, the signature bar'r-ier is breaking 
(,lfjv, n. Sto(,[. rnari.et orciei-s aj^e executed by telephone 
f:Mlls. S.il.jry cii<'cks have comouttM' p ran ted stgnatur-es and_. 
fir'i. t r. a I IV, [ijh'.l tcinsfurs have no s;fj natures at all a seer- 
ret p.ts\'A)rf: IS all ttuu is user]. Institutions will liavc*' to 
rif.(:t-,'>t altf-rriatf» means ni s..t 1 1 s f y i ng audit r'equi remfcnts . 
S I' ; natures f>n rioc u hum 1 1 s can no longer survive as tlie 
<!(_ f.r-f )t*H ! mr-.iris f<'>r \enfK.ation ris tlie originating docutTients 
theinseUf^s arf^ !>fMng e I ini i n ri t ed . 

It IS ob\ious that tnerins of inr>ut into the computet- 
s\;tfMii a'--^ cli-inging. Cnrris gav(> w-ay to optica! forms 
v'Jii. h in turn ,ire b<"ang rr-fil.K:f>d t>y terminais. The output 
■-;}df' IS MOW r-f'M(!y for sorTu^ fir-amatic chare;je. As mefTiory 
<l<'\i(,es gr^t snvillfM' and stn.aller and as rTiore and more 
in,!i\ iciuals acr;uir-f^ f>ers(aial computers it is verv likely that 
»-Mrh '"ae'^ r)f iir. wt!! carry witf^ us a memory !:)ank, perhaps 
thf' si/f» <>f ,\ c rev jit (:>-\r(.\ which will p!uc; into the vai'ious 
compi)tf>f- nuth'ts for tli.^ C'jfnr) u 1 1 n g of ('<!ta specific to us. 
1 his mem.-.ry !),in k will t lion bo ta kon to our honu^ devicr^s 
f'.r 'aitputs ona lysis rir review. "lake a specific exatTiple. 
I lie urn •■. o-rs 1 1 \ d i s I ri S ) i J tes va riijij s documents sucli as class 
tickf^ts, rp-.uie reports, cic . by printing and mailing the 
riocurnonts. We wall c,»ll this an "active distribution" mode. 
As m<:)r'(^ and morv? indi\'idiJ.ils [lave their- own devices and 
cari ca r'r-y a r'ou nd srTial 1 memor-y banks that plug i n to 
cr)inputer' outlets, the mode of distr'ibution will become ' pas- 
si vf» (iist ri[,>u tion - " On a cer'tain date the university sviM 
make a^'aikiljle tiie grv^rif^s or- class tickets. Students will 
eitlier- use their- cr-edit car-d si/e mernor'y lijanks with the 
computet- outlets to captui-e tl^eii' data or' simply dial into 
tiie computer- system and get it online. A clear shift will 
t,:>kf^ pl/KK^ in the i-f»sp(Misibihty for distribution. At pi'esent 
tlie Univer'sity serids out tlie documents, in the future the 
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i.niiilly) v.ill h.ivc t<-^ i:cn;;s it if nnd wfit?n tlu)y nood it. 

A \vi( r-(Mri MSP .>f tins )fK:i^pt of i f i f ornia t ion rii s tr^i - 
'>ij*i'''n AiM rr^'jiji rc' ,i cIihik^p in rHu' t roa tinni]!^ of security. 
S'-rji'-it\' s\s{'^!;;; v. i i I [r> [,f. nvMiifirMj ci fcHiMt ica 1 1 y . At 

p;os''!it (iu<' [(> tho fact tliat only a 1 1 nii tori / n umbo r' of 
I 1 ^ K i ua I s liavf' <.jit.^':t rii.cess to cmpuffM-i/nd rfata, sociir'- 
it\ m.\<sur-ps can ^:)f.' pUtcnrJ at a task level. That is, 
itidi vuiij.ils , for- px.vi;-)lf\ may [>o por-fTiitted to work \vitfi 
I'ersonnei datri S;iit not, Sriy, with student data. However', 
as ('VfM'yl)ody [-)<-(-;ifis {<> hrive access to the data bases it will 
b^- fi('f"ss.ir\ to c^r.Ai'lr- ...MaJritv ri.,t only on the tasks tliat 
an ir-u!i\ ninal n; ; >cvmti 1 1 1 rn! to ;>erfor'm [)Lit also on the subset 
of data that the individual is permitted to review and 
fi^'^hty. 1 hijs an individual may bo pfM^nutted to access 
p''fS"niiel data and not student data implying task secur- 
ity, further, the same iriciividual may be limited to looking 
at r^t'fS''n nel d.tta th.it belonr;s only to liis dopartmorit. 
1 hiJs tho sncurity is furthr-r u [jd i v i ciec witfnn tliG task and 
IS rif'ter'niirx-d nrjt [■)y tlie fimciion being performed by 
r<jth(M- by tfu^ data [>eMig accessed. This level of security, 
of course, is mufdi harrier t«.) iiTiplement thoin tfie previous 
levf^l. New^^r systems will hrive to l-o devf^loped to l-.andle 
tlio now r-e{-|tj I rf>mr'n t s for- security. 

Thf^ c.oncept of passive distrnbution of infor-mation can 
l>f> extend(-f ! a litth^ fa r'thfM- to suggest tfiat we are heading 
t'>w.irris .J crjttrifje inrh.jstry of data pi-ricessing p^-ofessions . 
[. X ami no t lie 1 1 [ )ra ry . I n a rosea rc h I i Ijt-a ry a nd in mos t 
institutional 1 1 1) r-a r i r^s over- '10',', of the coliection is never- 
use .-.j . >'\ [ ! ' ; t h c r^ 20',', IS I J s fvi only once. '1 h i s c I ea t- 1 y leads 
us to desire system in which a text is pi;f)l:shed only 
vnIk'H it i'< fir'st rv'Cju I iv.M-J . I he ter^m for" this concept is 
'■'U dem.mf] planting." At Icrist for moder-n p 1 1 f.) 1 1 Cri t inn s we 
ar-p n^'t to, > f,M- rn\ay frr>rTi on cjemanci [.i u b 1 1 s h t n g . f^^ioks 
arnj m.nja/ine articles a r\'; written on word processing er;uip- 
r^^'MTt ,nid hr-ficp r\r(^ in nine lone r-e.irJable frjfm. Ther-e is 
ii''>thiri(; that r^f^^'^'^^nts us from simply keeping it in that 
form tiil wo r-cali/e the first i-ecjuest fui" that material. At 
that time th^ usf^- can r-ef.|ijest the mater'ial either- in 
machine rrsid, i[>le f'.^rm or- i r^i pr-inted form. If it is 
requf^stfHl in printed form the libr-ar-y simply promts a copy 
rtnd gives it to the user. One may even debate the merits 
of r-ec Hit ring the user- to bring the maternal. If the user is 
not r-equi red to br-ing the material back, then the distinc- 
tion [\)ntween tlie hl:>r'ar-y and the Ito^') k s to r-e begins to get 
ver-v blurn-ed. In any case such a distriS:)ution scheme 
placf^s the f>r'f^sont r-ole of tfie publislier in jeopardy. Per- 
haps the [publishers will become rnor-e like record companies. 
VVo will just fi a V c to wa r t and see. 
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In ctny it \\\\\ pr)ssiblo oiio w.»v ^'^'^ .ifiotiKM^ to 

h,j\'(' ( i(M;u!n--nl cIt'Iivcm'^' systems tiiat ar^o basod p r^itTia fi ly on 
cltM, t ['(in ir, [iitMjia. If rlocutnonts can bo ( ! v o r^cd elcclt^on i -■ 
tluMi \\\\\ . ft")!' instanr.o. «.io tyr^i-^^ ^ '"'-'^ secr^etatNns ) 
.i[,rf (i,jta Ki;>Nt opriMl'-TS to ci'iHt' 1" vvor4. at all. \- rom 

tliM (.( pn\ rnit-nro < a' th'Mr hranf! tho^ cafi do the desirxM.j 
v,r,;-k. 1 hf^ Ik. HIT' .ilsi'j boct^nes tiu^ pla«:o of work, nu^king 
turthcM" uso of tlio [>hy steal plafU that is alr^(^^dy thet^o. 
I ho same roasoninr] c:<wi bo ox tondod for^ systems pr^ogram- 
MHM'S and a;>pl ic;.it ion p r^oc; namme r's arui othei^s v/ho contribute 
sfMA'iTf^s tlnit nltiinatoly result in ciuincjirig the contetits of 
(.«;in;Mi t«M- dal<i [>an ks. I his cottarje mdustry r-esulting f r^om 
u-kiii':i in tii'» htjMio h.iS an -nJfJed aciv antarjc - c^Miimuling 
V, I'i \:r roplac'jd by t o I nconimu 1 1 n , sa\'it!|;j time and ener^gy. 

1 ho rnncept of distributing work and fragmenttrig the 
W"'-l- on^ icaiiiuMit Ly not only permittifig but requir'ing cor- 
l.ini uidi\ iduals to wof^k from tiieit^ homos fits well with tlie 
id. -a of a tjf'>.^jrM[)hif;a[ly di sperms ed univpr^sity. Once we 
bf'^in t,, distribute the daily work til rough the use of tole- 
pi-o(.*'s sMi^ j , an imf)ort,Mii cornriiU n ic.aions bar^-ier is br-oken, 
fN-ir.r to th*^ invention of th(.^ telephone, instafit (meaning 
withr.ut dotay) fyifMiTiu n ic.it ion v.-as possible only wfien people 
rjot tor]f>thfM'. "Idio to|ef.>hone ver^y successfully bi^oke tlie 
spatial barvipr\ Mowo^f-r, as evidonced by ringing pliones 
,ind busy signals, the temfjoral barrier still exists. Tele- 
c'ifnmu t : rig f)r- tho use of computer' and communications 
p.-rmils us to oliminate riot only tho spatial but also tlie 
t4MTipi;[Ml rt ; u 1 r^enion t for instant communications. This 
,,pons up a nnw (iogr^(H^ of fi-o(Mi(:.m -md its impact will soon 
bo folt . 

{.dna r I ^ m.ui y t h i m ;s a re ;.}os s ibi(.^ . How desi rable these 
p, ,o |i ,1 1 it 1.-; ,^rr- \o healtfi and wr^M boinq of oui^ institutions 
is .1 riiatt'M- that rair- administrators will !)e r.aiio(J uf>on to 
,,(Ji ! r^es s .i rid S' ^-jn . I he c< )U r^s*.^ t hoy chart will, in the 
!.-.n r") r'u n , r inform i ne the cou r\^r- <ji sor: K^ty itself. Higher 
.>r!(j( ,,ih)n fmi';i CMntirnio t(. maintain tho ro|o of thinkors, 
»> \ poiMriuMi t or^s anr j i ihk A'ti i',) t s , 
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